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I.—INTRODUCTION. 


ALTHOUGH further time must elapse before the end-results of 
secondary suture of peripheral nerves, injured in the war, can be judged 
in large numbers, it is now possible to communicate a preliminary report 
upon the progress to date of those patients in which this method of 
surgical treatment has been found necessary; and it seems advisable to 
do this for the benefit of the many pensioners who still await further 
treatment. 

So many factors may influence the progress and extent of recovery 
that it is exceedingly difficult to interpret all the observations, or 
estimate the influence of any one individual factor. To attempt the 
elucidation of the numerous problems encountered, or to provide any 
guidance for the future, it is obviously necessary to consider large 
numbers of patients on whom regular systematic examinations have 
been made and careful records kept of all complications, methods of 
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treatment, and progress. No trustworthy conclusions can be drawn from 
the publication of a few isolated cases, or even from a large series, unless 
attention has been directed to all the factors which may prevent or 
cause delay or acceleration of recovery. The closest co-operation 
between the surgeon and the investigator is essential; if the latter is 
unable to be present at the operation, it is of fundamental importance 
that the most detailed notes should be provided of the anatomical and 
pathological conditions found on exposure of the nerve, together with 
an exact account of the surgical procedure adopted. It has been my 
good fortune to have the fullest possible support from my surgical 
colleagues at the Grangethorpe Hospital, Manchester, and I would like 
- to express my deep appreciation of the cureful and elaborate system of 
note-taking which they have instituted, as, without the information 
supplied by them, it would have been impossible to attempt an inquiry 
into the problems of secondary suture. 

In this report are included all the results of secondary suture, where 
it has been possible to continue observations for a period of not less than 
six months after the date of the operation. It was rarely possible to 
follow the patients even for so short a time before 1917, when the 
special hospitals were instituted ; consequently almost all the patients 
quoted have been operated upon since the beginning of that year, and 
only a small number can be considered as end-results. 

Altogether 271 examples of end-to-end suture are under review, and 
the majority of the patients have been examined at regular intervals of 
from four to six weeks for varying periods up to three years after the 
date of the performance of the suture. 

As a preliminary it is convenient to consider the following general 
factors which may influence the progress and result. 

(1) The interval which has elapsed between the reception of the 
injury and the date of the suture.—It is necessary, in connexion with 
this, to take into account the cause of the delay. If the operation has 
been deferred because of the presence of sepsis, widespread intraneural 
changes are likely to be encountered which will interfere seriously 
with, or prevent, regeneration. Excluding such a condition, a delay of 
twelve to eighteen months appears to have no marked effect upon the 
date or extent of recovery. If the interval exceeds this time, in my 
experience, the prognosis is not so good when the suture has beer 
performed in the distal part of the limb; whereas, in the proximal part, 
a delay of two or three years does not seem to prejudice the chances of 
success. Suture of the median in the upper arm has been successful 
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in two patients where there was an interval of two and a half years. 
A delay of three and a half years (the longest encountered) occurred in 
two patients, with injury to the median at the elbow. In one the only 
muscle to recover-voluntary power was the flexor sublimis digitorum ; 
in the other patient it is too early yet to give an opinion, but the signs 
are not hopeful. 

(2) The surgical technique adopted.—In about 80 per cent. the 
same procedure has been used; so that in this series this factor is 
almost constant, and, consequently, no opinion can be expressed upon 
the advantages of the various suture materials. After free exposure, 
the extremities have been excised until distinct nerve bundles could be 
seen, and then the ends brought into as perfect apposition as possible 
without distortion. Whenever practicable, only sheath sutures of 
catgut have been employed, but in the larger proportion one tension 
suture through the substance of the nerve was found necessary. On 
comparing the progress and results, with and without tension sutures, 
there is no doubt that the effect of the through-and-through stitch is 
perceptible. 

For some time my surgical colleagues have used no protective 
material to surround the line of suture; a new bed for the nerve has 
been constructed, or its anatomical course modified, so that the injured 
segment of the nerve lies only in relation with uninjured muscles. 
The clinical records clearly indicate the advantages of this over any 
protective material, either autogenous or heterogenous. Several nerves 
have been re-exposed by my colleague, Mr. H. Platt, after various 
materials have been used, and it has been proved that neither fascia 
lata nor fat prevent adhesions, and in two patients, where Cargile 
membrane had been employed, there was a thick collar of fibrous tissue 
around the nerve which in one was undoubtedly causing considerable 
constriction. 

The prognosis is bad when a satisfactory bed cannot be procured, 
and the nerve has to be left in relation with scar tissue, a condition 
unfortunately encountered frequently when the external popliteal nerve 
has to be sutured in the region of the head of the fibula. 

Displacement of the ulnar nerve in front of the internal condyle of 
the humerus has not, as far as I can ascertain to date, retarded the 
progress. 

It is somewhat surprising that the extensive freeing of the nerve 
necessary in this manoeuvre, or in other nerves when a large defect has 
to be bridged, has not had a more profound effect. I have insufficient 
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records yet to give an opinion upon the results after the two-stage 
operation. 

The after-treatment has been the same—constant support of the 
paralysed muscles, interrupted galvanic stimulation of the muscles and 
massage, and later faradic stimulation and muscle re-education. 

(3) The condition of the nerve found on exposure at operation.— 
Those patients in whom a complete solution of continuity was discovered 
at operation have tended to make a more satisfactory recovery than those 
in whom incomplete division was found, but I am convinced that this 
difference is very much reduced, if not eliminated, when a liberal 
resection is performed. Interstitial changes are frequently very ex- 
tensive after partial division, and from the histological examination of 
pieces of nerve excised at operation there appears to be a tendency not 
to resect sufficiently widely. Free resection is particularly necessary 
after prolonged suppuration. Contractures and other mechanical dis- 
abilities are associated commonly with incomplete division and may 
be responsible for imperfect functional recoveries, although good 
regeneration may have succeeded the suture of the nerve. 

(4) The effect of some of the more frequent complications.— 
Allusion has been made to the fact that extensive and prolonged sepsis 
in the neighbourhood of the nerve may influence seriously the prognosis. 
Microscopic examination has shown that, under such a condition, intra- 
neural changes may be discovered as distant as 8 in. above the point of 
injury. | 

Ligature of the main artery in the proximal part of the limb, as the 
upper part of the brachial or the axillary, tends to retard the progress 
and, after suture of the ulnar or median nerves, appears sometimes to 
reduce the extent of the recovery of function, but it is difficult to 
exclude the possibility of this being due to secondary changes in the 
muscles as a result of the ischemia. Involvement of the main blood- 
vessels in the distal part of the limb, as may be anticipated, does not 
usually prejudice the result. 

Ununited fractures of the humerus present a serious complication. 
In four patients exhibiting this complication suture of the musculo- 
spiral was performed before the ends of the bones had been fixed. Two 
were complete failures, the third showed merely recovery in the 
supinator longus and extensor carpi radialis longior, whilst the fourth 
progressed favourably until a bone graft operation was succeeded by 
a recrudescence of sepsis, which resulted in complete loss of conduction 
and failure of regeneration. These experiences seem to prove that 
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where an ununited fracture of the humerus complicates a musculo-spiral 
injury it is advisable to treat the bone lesion first. 


II.—ANALYSIS OF RESULTS. 


(a) General.—In none of my cases of secondary suture can the 
result be described as perfect ; in the best there has been an appreciable 
difference in power on comparing the two sides and at least an incom- 
plete recovery of epicritic sensibility, even three and a half years after 
the date of the suture. The recovery of sensation has been particularly 
disappointing. More successful results have followed suture in the 
proximal ‘part of the limb than the distal. Of sutures in the upper 
extremity, the failures in the upper arm amounted to 12 per cent., 
whilst in the forearm to 24 per cent. At both levels the recovery of 
voluntary power has been much less constant for muscles supplied by 
the nerve in the distal than in the proximal part of the limb. For 
obvious reasons muscles which have a large nerve of supply have a 
better chance than those in which the branch is smaller. 

Exclusive of mechanical disabilities and the general factors already 
considered, four chief causes for imperfect recovery are readily 
recognized. 

(1) Intraneural changes in the proximal end, which may occur 
irrespective of the presence of sepsis. 

(2) Obstruction to the downgrowth of new nerve fibrils. 

(3) Destruction of branches in addition to the injury to the nerve 
trunk. This is particularly prominent in wounds of the median in the 
upper third of the forearm. 

(4) “Bad shunting” (efferent fibres passing down to afferent 
terminals or vice versa), which, with the most perfect surgical technique, 
must occur to some extent in almost all secondary sutures, since a 
considerable portion of the nerve trunk has to be excised and the intra- 
neural anatomy disturbed. Such a factor will be of less consequence in 
the musculo-spiral than in the ulnar or median. It is possible that the 
persistence of Tinel’s sign without any recovery of sensation may be 
due to afferent fibres descending efferent pathways. 

(5) In addition to these there is an important but less obvious fifth 
cause of impaired function, which is particularly significant after suture 
of the median, and is probably one explanation of the poor functional 
result which usually follows suture of both the median and the ulnar. 
It is not uncommon to discover, after suture of the median, that all the 
muscles—when tested individually—have recovered voluntary power, 
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and yet the hand is of slight practical service, when the patient 
attempts purposive movements. The patient will often volunteer the 
information that when he attempts to work he finds that he loses the 
grip of his tools, and on inquiry it will be found that he can use the 
hand fairly well as long as he concentrates upon the movements, but 
the hand ceases to function satisfactorily as soon as he takes his eye off 
it. Such patients also frequently inform you that the hand is useless 
in the dark, or when they cannot watch what they are trying to do with 
it. Such complaints may be heard even when cutaneous sensibility has 
made a fair recovery and all the muscles, tested individually, exhibit 
voluntary power. It seems clear that such a disability is due to the 
loss of afferent stimuli from joints, muscles, tendons and other deep 
structures. It is only practicable to investigate directly the recovery of 
fibres conveying conscious impressions from such deep structures as 
joints, but from an investigation of the sense of posture and the appre- 
ciation of passive movements in the finger and thumb articulations 
supplied by the nerve, it has been found that these were generally lost, 
or at the best very defective even when three years had elapsed since 
the time of the suture. It would seem that this is very important to 
remember at examinations for the assessment of pensions after nerve 
suture in the upper limb, since the routine investigations of voluntary 
power and cutaneous sensibility do not, in themselves, provide sufficient 
information to determine the real functional capacity of the hand. It 
is also an awkward problem to contend with during the later stages of 
recovery when muscle re-education becomes of greatest importance, 
since it provides one of the main obstacles to the satisfactory application 
of this form of treatment—an obstacle which is probably insufficiently 
appreciated. Previous to the war our chief experience of muscle train- 
ing was derived from the treatment of infantile paralysis, and conse- 
quently many who are responsible for the supervision of this form of 
treatment are content merely. to develop an increased range of move- 
ment of the individual muscles, and fail to realize the different problem 
which arises in peripheral nerve injury. After injuries to the peri- 
pheral nerves there is usually a serious loss of those afferent stimuli 
which are of such importance for the perfect performance and adjust- 
ment of the finer and more delicate movements, and consequently in 
the later part of the treatment every effort must be made to develop 
those purposive and more complex movements which the particular 
patient will require when he returns to a civil occupation. 

(b) Explanation of charts.—The vertical columns, 1 to 24, refer 
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to the months after the performance of the suture; in the last 
column, “delay,” reference is made to any case where an interval 
of eighteen months or more has occurred between the date of the recep- 
tion of the wound and the time of the operation, the figures express this 
interval in months. In all the charts reference is made, unless other- 
wise stated, to the return of voluntary power, since in my experience 
this has been more frequently discovered at an earlier date than the 
recovery of faradic response. The muscles are recorded by means of 
the initial letters, viz. :-— 
SL — supinator longus. 

As regards sensation information is conveyed by the following 

abbreviations and letters :— 


P commencement of recovery of protopathic sensibility. 
P.rec. = complete recovery of protopathic sensibility. 
EK. commencement of recovery of epicritic sensibility. 


The interrupted lines in certain columns mark the date of the last 
examination, unless they occur in the last column, in which case several 
of the patients have been under observation for further periods, but 
the intervals between the later examinations have been longer than four 
to six weeks. 

(c) Musculo-spiral nerve-—This nerve offers the best opportunity 
of investigating many of the problems, since the influence of two 
factors, “bad shunting” and the loss of afferent impulses from joints, 
&e., is reduced to a minimum, and of much less significance than in 
such nerves as the median or ulnar, which contain-a large proportion of 
afferent and sympathetic fibres, as well as efferent. This, together with 
the fact that suture of the musculo-spiral must occur in the proximal 
part of the limb, may account for the constancy of a good recovery. 

The patients may be divided easily into three groups according to 
the anatomical level of the suture. 

(1) In the lower third of the arm, i.e., below the level of the musculo- 
spiral groove, and where the trunk is lying deeply between the brachialis 
anticus and supinator longus. In two patients, destruction of the 
branch to the supinator longus was recorded at operation, and this is 
responsible for the absence of recovery of this muscle in patients 10 and 18. 
Excluding the three failures, the recovery has followed a fairly regular 
course, and the order of the muscles as they regain voluntary power has 
followed very closely the anatomical arrangement of the branches (fig. 1). 
In patients 12 and 19 the recovery is divided into two stages by an 
interval of eight months and ten months respectively, a phenomenon 
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which will be found in several of the other charts. A possible explana- 
tion is that the young fibrils, which subsequently supply the muscles late 
to recover, have encountered some obstruction, and the delay is due to 
the time spent in penetrating this. 

Of the three failures, one had previously had a nerve graft inserted 
to bridge a large defect, which procedure had proved unsuccessful ; 
in the second, prolonged suppuration had prevented surgical inter- 
ference until twenty-one months after the injury; whilst in the third 
there is clinical evidence of a neuroma at the site of the suture, 
indicating that some regeneration has occurred, but for some reason, 
as yet undetermined in this case, the young fibrils have been prevented 
from penetrating the distal end. 


SUP: BREV: 3 


Fig, 1. 


(2) The sutures performed in the middle third of the arm, in the 
musculo-spiral groove, include the four complicated by an ununited 
fracture of the humerus to which reference has previously been made. 

Patient 46 was seen for the first time eighteen months after 
operation, and there was then no recovery of voluntary power, but a 
faradic response was present in the supinator longus and the extensors 
of the wrist and fingers. With suitable treatment, he is recovering 
from this functional disability. 

With the exception of those patients in which an ununited fracture 
of the humerus occurred, there was only one failure in this series, 
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and in this patient an interval of two years 
had elapsed before the suture was performed. 

(3) The rapidity and completeness of 
recovery in the first four patients on Chart 
III is of importance and interest, since the 
suture in each was above the level of the 
groove, and may be considered as being in 
the axilla. 

Patient 56 collapsed during the opera- 
tion, and the ends of the nerve conse- 
quently were merely anchored by one 
through-and-through stitch, yet voluntary 
power has slowly returned in the supinator 
longus and extensors of the wrist. 

Chart IV demonstrates the date of re- 
covery of voluntary power in the various 
muscles at the three levels, and reference to 
it shows that recovery is proportionately 
more rapid the nearer the suture is to the 
spinal cord. In the lower third of the arm 
the supinator longus recovered most fre- 
quently about the fourth month, whilst in 
the upper third about the seventh month, 
yet the regenerating fibrils in the latter had 
to grow more than three times the distance 
traversed in the former. Similar results 
are to be seen in the other muscles. Are 
we to conclude from this that a nerve fibre 
regenerates more rapidly and readily the 
nearer the section has been made to its 
anterior cornual cell? The better prog- 
nosis for sutures in the upper arm compared 
with those in the forearm supports such a 
contention. 

From the foregoing results it may be 
concluded that a good functional result is to 
be anticipated after secondary suture of the 
musculo-spiral nerve, provided there is no 
special complication or contra-indication. 
The extensors of the wrist usually re- 
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Musculo-spiral nerve (upper third of arm). 
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Upper third (seven cases). 


Cuart IV.—To show date of recovery of voluntary power of the various muscles 
at the three levels. 
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gain full power, and the extensor communis digitorum recovers satis- 
factorily, although the extension of the index is not infrequently 
imperfect, and it is almost the rule to find that the patient is unable 
to extend this finger alone at the metacarpo-phalangeal joint. 

The extensors of the thumb rarely show such a perfect recovery, 
the extensors brevis pollicis being most commonly paretic, which is the 
common cause for the imperfect extension of the thumb and the 
difficulty experienced in performing such a movement as opening a 
pair of scissors. 

The extensors of the wrist have never been found to recover their 
synergic action before that of a prime mover; in fact, in end results 
it has been almost constantly found that the grasp was weak, owing 
to the loss of the synergic extension of the wrist, unless this movement 
had been carefully developed during the period of muscle-training. A 
number of patients have returned to hospital complaining of weakness 
of the hand grasp, although the nerve had regenerated well and 
the extensors of the wrist were quite powerful, and this has been 
found to be due simply to the loss of their synergic action. It is 
hardly to be expected that there would be a spontaneous recovery of 
the synergic action unless the same set of fibres innervated the extensors 
of the wrist after the suture as before, a condition which is not likely 
to occur frequently. 

(d) Median nerve.—Unfortunately many patients, in whom this 
nerve had been sutured at the wrist, have been lost, as they were able 
to procure light employment, and it was not often possible to keep them 
under observation for long periods. In quite a large proportion only 
an incomplete recovery of protopathic sensibility has occurred, and 
voluntary power in the abductor brevis pollicis has only been found in 
some 40 per cent. of those in which sufficient time has elapsed to expect 
this to be possible. 

Only the abductor brevis pollicis of the thenar group has been 
mentioned, because the flexor brevis pollicis is composed of several 
slips, some supplied by the median and others by the ulnar, which are 
subject to considerable individual variation; and it is consequently 
difficult to give a reliable opinion as to the presence of voluntary power 
in the flexor brevis pollicis from a clinical examination. 

Of the sutures in the forearm (Chart VI) in patients 82 to 90, this 
was performed below the level of the anterior interosseous branch ; in 
two (patients 91 and 92) above this branch, but distal to the supply 
to the flexor carpi radialis and pronator radii teres; whilst in the 
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remainder it was done proximal to all the muscular branches. In 
several of the latter group, branches, in addition to the nerve trunk, were 
injured, and this was responsible for the failure of recovery of some of 
the muscles. 

Patients 103, 104, and 105 are later results, and were first examined 
some considerable time after the suture. 

Patient 106 is another example of a hysterical loss of power; three 
of the muscles responded to faradism, and there was a sensory loss of 
the “glove”’ type. 

The results in Chart VII are comparable to the satisfactory 
recoveries already seen after suture of the musculo-spiral in the 
proximal part of the limb as regards completeness, regularity, and 
rapidity of recovery. 

The late commencement of improvement and the slower progress in 
patient 116 is probably due to the ligature of the axillary artery, since 
no other reason for this can be determined. 

(e) Ulnar nerve.—The disappointing results which follow suture of 
this nerve are now well known, but it is still difficult fully to understand 
the reason for the poor prognosis. The risk of “ bad-shunting ”’ is clearly 
considerable, and may be the chief explanation ; and from this it is easy 
to understand how the intrinsic muscles of the hand, with their small 
nerves of supply, run a greater risk of not receiving any efferent fibres 
than the larger muscles. At one time it was imagined that a poor blood 
supply might be the cause of the incomplete recovery or failure; but, 
from dissections made after special injection of the blood-vessels of the 
limb, I find that the ulnar nerve has quite as efficient, and often a richer, 
blood supply than the median. 

Many of the patients, in which the suture was performed in the 
forearm, have been lost owing to the reason mentioned in the case of 
suture of the median at the wrist. 

In three out of the seven failures in Chart VIII it is of interest to 
notice that there was a delay of more than eighteen months before the 
operation was done. 

After suture in both the arm and the forearm the recovery of 
voluntary power in the small intrinsic muscles of the hand was parti- 
cularly poor and disappointing. 

Brouwer [1], in a recent paper, advances a hypothesis which may 
prove to be a true explanation of the bad prognosis for the intrinsic 
muscles after lesions. of the median and ulnar nerves. He found, in 
neuritis of the median, that in a large number of patients there was a 
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loss of voluntary powér and faradic response in the thenar muscles— 
although the other muscles supplied by the median were perfectly 
normal, and ascribed this greater vulnerability of te muscles of the 
thumb, or their nerve branches, to the “finer construction of the 
thumb and higher functional significance which it has received in the 
phylogenesis.”” Whether Brouwer’s suggestion is the sole or part 
explanation, or whether the infrequent recovery of the intrinsic muscles 
is due to their distance from the cells of the anterior cornu, future 
experimental and clinical research must finally decide, but reference 
to the charts and consideration of the recovery of afferent, as well 
as efferent, fibres suggests that there is evidence that the latter is, at 
any rate, a factor. 

The complete separation of the extensor brevis pollicis from the 
extensor ossis metacarpi pollicis is a human characteristic, and since 
the extensor brevis pollicis was found to recover less frequently than 
either of the other extensor muscles of the thumb after suture of the 
musculo-spiral, it would appear, at first sight, that this was further 
support of Brouwer’s contention that more recent acquisitions are more 
vulnerable than ancient ones. But this support cannot be accepted 
without qualification, because the extensor brevis pollicis is innervated 
at a much lower level than the other two muscles, and its nerve of 
supply is considerably smaller than either that to the extensor ossis 
metacarpi pollicis or the extensor longus pollicis (fig. 1) ; and, further- 
more, it is significant that the extensor brevis pollicis recovered in 
16 per cent. of all the sutures in the lower third of the arm, 17 per 
cent. in the middle third, and in 29 per cent. in the upper third, which 
figures strongly suggest that the distance of the suture from the spinal 
cord exerts an important influence upon the prognosis. 

(f) Sciatic nerve.—In this group the one instructive point to direct 
attention to is that in one patient only, as yet, has there been recovery 
of the tibialis posticus and the flexors of the toes, although the gastro- 
cnemius, which has a much larger nerve supply, almost invariably 
recovers, even more readily than any of the muscles supplied by the 
external popliteal segment. 

Patient 247 is an example of the two-stage operation, and after 
an interval of eleven months there is no clinical evidence of any 
regeneration. 

(g) External popliteal nerve.—Five failures out of twenty-one is 
rather a surprising proportion for the external popliteal, as the prognosis 
after suture of this nerve has often been considered almost as favourable 
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Cuart XI.—External popliteal nerve. 
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as that of the musculo-spiral. An explanation of this, 
however, is forthcoming when we are reminded of the 
difficulty of procuring a good bed for the nerve in the 
region of the head of the fibula, and consequently it is 
suggested that secondary adhesions and involvement of 
the nerve in scar tissue are responsible for such a very 
high proportion of failures. 

Patient 261 is a third example of a functional loss of 
power, although there is good evidence of innervation 
of all the muscles supplied by the external popliteal. 

A comparison of the very rapid and complete re- 
covery of patient 257, with that of the others, is of 
considerable interest, because his may be considered a 
primary suture, since only a very slight laceration was 
found at operation. The recovery, two years after 
suture, was practically perfect. 

(h) Internal popliteal nerve-—In both patients the 
functional result has been satisfactory, but in neither 
has there been any recovery of sensation. 














III.—ConcuvusIons. 


(I) The following appear to be the most important 
factors which may influence the prognosis :— 

(1) Sepsis. 

(2) Site of the suture, the prognosis being more 
favourable the nearer the suture is to the spinal cord. 

(3) A delay of more than eighteen months before the 
suture is performed in the distal part of a limb prejudices 
the chances of recovery, but is not of so much conse- 
quence in the proximal part. 

(4) “ Bad-shunting”’ is probably a common cause 
of imperfect recovery in such nerves as the ulnar. 

(5) Destruction of branches of the nerve, in addition 
to injury to the trunk, may be a cause of incomplete 
recovery. 

(6) Ununited fractures, especially of the humerus in 
injuries to the musculo-spiral, are a serious complication. 
Evidence appears to be in favour of primary fixation of 
the bone. 


Cuart XII.—Internal popliteal nerve. 














Patient 270 








24 ORIGINAL ARTICLES AND CLINICAL CASES 


(7) Ligature of the main artery in the proximal part of a limb may 
delay and limit recovery. 

(8) Imperfect recovery of afferent fibres from such structures as 
joints, muscles and tendons, is probably an important cause of limited 
functional recovery of the hand for the performance of purposive 
actions, although the voluntary power of individual muscles may be 
good. 

(Il) The intrinsic muscles of the hand and the muscles in the distal 
part of a limb recover less frequently than the larger muscles in the 
proximal part of a limb. Probably several factors contribute to the 
cause of this :— 

(1) . Distance which the young nerve fibrils have to travel away from 
their trophic centre in the spinal cord to reach the muscle. 

(2) The size of the nerve of supply. The larger the nerve the 
greater the chance the young fibrils must have of reaching the 
muscle. 

(3) Possibly the phylogenetic history of the muscles, since there 
does seem to be some support of the hypothesis that more recent 
acquisitions are the more vulnerable. 

(III) The following points bearing on the surgical technique can 
be deduced :— 

(1) It is advisable to avoid the through and through suture, when- 
ever practicable, as proved also by the experimental work of Sargent 
and Greenfield [2]. 

(2) The construction of a new bed for the nerve, after suture, is 
preferable to any autogenous or heterogenous protective material. 
The unsatisfactory bed after suture of the external popliteal nerve, in 
the vicinity of the head of the fibula, is probably a cause of many 
failures. 

(3) Displacement of the ulnar nerve in front of the internal condyle 
of the humerus or widespread freeing to procure apposition of the 
ends does not appear to retard the recovery. 

(4) Liberal resection of the injured ends is essential and particularly 
necessary if sepsis is prominent. 

(IV) No recovery after the performance of secondary suture could 
be regarded as perfect. The chief causes of the imperfect result after 
secondary suture appear to be :— 

(1) The fact that an appreciable portion of the nerve trunk has to 
be resected causes inevitably a disturbance of the intraneural anatomy, 
however carefully the surgical procedure is carried out. 
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(2) After secondary suture the nerve is making a second effort to 
regenerate, the first attempt being represented by a neuroma or out- 
growths along fascial planes. 

(3) The almost constant occurrence of one or more of the foregoing 
factors which have been found to influence the prognosis. 
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MICROGYRIA AND ITS EFFECTS ON OTHER PARTS OF 
THE CENTRAL NERVOUS SYSTEM. 


BY THE LATE W. PAGE MAY, M.D., D.Sc., F.R.C.P. 
Fellow and Lecturer of University College, London. 


(From the Pathological Laboratory, London County Asylums, and from the Physiological 
Laboratory, University College, London.) 


MicroeGyrRiA, which has hitherto been usually known under the 
name of hemiatrophy of the brain or arrested development of the 
nervous system, has been comparatively rarely described, and merits 
further study. 

The following case came ultimately into the hands of Dr. Mott, to 
whom I would here cordially express my thanks for kindly allowing 
me to investigate the material and for many valuable suggestions 
during the course of the work. 


SUMMARY OF THE CASE. 


Vascular lesion of the right cerebral hemisphere involving chiefly the 
right centro-parietal region of the cortex with portions of the frontal 
and temporal lobes and portions of the right basal ganglia. Atrophy 
and arrested development of the right pyramidal tract, right mesial filet 
and associated structures in the mid-brain, pons, medulla and spinal 
cord. Atrophy of the opposite (left) side of the cerebellum with some 
of its various nuclei and peduncles. Atrophy of the left side of the spinal 
white and grey matter. Diminution in number of motor cells chiefly in 
the cervical and lumbar enlargements. 


CLINICAL HISTORY. 


Since earliest life the patient had suffered from left hemiplegia and mental 
hebetude. The mental deficiency steadily increased and became early 
associated with unilateral and epileptiform convulsions of the ordinary type. 
Sight and hearing were normal but the above symptoms progressed and 
terminated fatally in his thirty-sixth year. 

Brain.—In the brain the coarse deviations from normal are best seen by 
a reference to the accompanying photographs. There is a remarkable difference 
in the size of the two hemispheres, the right being about two-thirds as large 








28 ORIGINAL ARTICLES AND CLINICAL CASES 


as the left, which is normal. The stress of the disease has fallen chiefly on 
the centro-parietal region of the right side, less on the frontal and temporal 
and least on the occipital lobe. The convolutions in the affected areas are 
shrunken in all three dimensions, i.e., they are shorter, narrower and less deep 
than normal and wanting both in grey and white matter. The corpus callosum 
is thinner than in health, but the olfactory lobes, optic tracts and cranial nerves 
are unaffected. 

The mode of investigation adopted was to remove pieces of certain selected 
areas of the cerebral cortex, cerebellum and spinal cord and to stain them by 
various methods for minute microscopic examination of the cells and fibres. 
The remainder of the brain and portions of the spinal cord were cut in serial 
section and stained by the Weigert-Pal process, certain of these sections being 
again counterstained by alum, cochineal or other suitable colouring matter. 

Microscopic examination of the cerebral hemisphere showed that 
everywhere in the affected region the cortex is thinner than normal 
and this most of all in the right ascending frontal convolution. All 
the cortical layers are wasted, but especially the pyramidal and fourth 
layer.’ In the leg and body areas the very large, so-called Betz cells 
are not only much diminished in number and in size but have fewer 
processes than in health and all of them present some degenerative 
change. In several sections of this region, only one group of moderately 
good Betz cells could be found. These were situated on the flat external 
surface of the right ascending frontal convolution (not in the depth of 
the Rolandic fissure), and even they were stunted and had fewer processes 
than natural and showed other signs of degeneration. The right arm area 
presented much the same appearance as above but the pyramidal layer 
was not quite so much affected. In the corresponding regions of the 
left cerebral cortex the histological appearances were normal. The 
pyramidal and Betz cells were abundant and of healthy structure and 
no signs of hypertrophy or compensatory overgrowth was traceable. In 
the right facial area all layers are thin and there are very few large cells 
in layer 4, whereas the left facial area seems normal. In the right 
ascending parietal convolution all layers are much wasted except the 
granular layer, which looks healthy. The right first frontal gyrus has 
less than half its normal depth and the pyramidal layer is especially 
poor, whereas the left first frontal is normal. The temporal convolu- 
tions are histologically fairly normal, but the pyramidal layer is 
distinctly better seen in those of the left side than of the right. 
The visuo-sensory area in the calcarine region of the occipital lobe 


' The classification of the layers of the cerebral cortex here adopted is that given by 
Mott [1], at a meeting of the Ophthalmological Society of London, Noy., 1904. 
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presents no definite abnormal change on either side but in the right 

visuo-psychic area the pyramidal layer is distinctly poorly developed. 
With regard to the changes in the nerve fibres of the cerebrum, it is 

noteworthy that the incidence of the disease is chiefly on the efferent 


Fia. 5. 


projection fibres of the affected side, which are much diminished in 
number, and present signs of wasting and sclerosis. The tangential 
fibres of the cortex and the fine network in the inner line of Baillarger 





ERED ALS A ERIN LE SS, FRE <8 2 





MICROGYRIA AND ITS EFFECTS ON THE NERVOUS SYSTEM 31 


are also slightly though definitely affected in the same way. On the 
other hand, the fibres forming the associational bundles are not at all, or, 
if at all, scarcely to an appreciable extent. 

In the opposite (left) cerebral hemisphere, as already remarked, no 
compensatory increase of cells could be found, and the nerve fibres seemed 
in every way normal in number and appearance. The corona radiata on 
the right side is much smaller than on the left(roughly about half). The 
right internal capsule is not only much reduced in size in its fronto- 
caudal plane, but also laterally where its posterior limb (the limb chiefly 
affected) measures from 2} to 3 mm., as compared with 5 to 54 mm. for 
the healthy side. In its vertical dimensions the right internal capsule is 
only very slightly reduced. It contains few medullated nerve fibres, and 
shows all the ordinary signs of atrophy and sclerosis. ; 

The corpus striatum presents only very slight deviation from normal. 
The nucleus caudatus seems healthy throughout, but the lenticular 
nucleus, and especially the globus pallidus, are slightly wasted and not 
quite so rich in fibres as on the normal (left) side. On the affected side 
the optic thalamus is smaller both antero-posteriorly (i.e., fronto-caudally) 
and laterally than should be the case, and owing to a marked diminution 
in the number of its nerve fibres its nuclei are all less distinct than 
normal. The paucity of fibres is especially striking in the lateral nucleus 
of the right as compared with that of the left optic thalamus. More- 
over, though the right arcuate nucleus is fairly well delineated the 
“‘centre-median ” of Luys is scarcely traceable, and the red nucleus is 
less than half the size of that of the right side, and extremely poorly 
provided with fibres. On the left side the optic thalamus is healthy, 
and all its nuclei are well seen, notably the dorsal, lateral and median 
nuclei, the centre of Luys, nucleus arcuatus, and red nucleus and corpus 
subthalamicum, all of which are well seen and differentiated. 

The island of Reil on the right side is smaller than normal, and its 
convolutions imperfectly developed. The claustrum, together with its 
capsula externa on its inner side, and its capsula extrema on its outer 
side, are well marked but slightly thinner than on the normal side. 
Moreover, the two capsules diminish in thickness from above down (i.e., 
dorso-ventrally), so that in their lower halves they are scarcely repre- 
sented, and their junction below at the base of the island of Reil with 
the inferior longitudinal bundle and the medullary fibres around the 
anterior commissure is not traceable. 

In the right temporal lobe the medullary fibres are generally less 
numerous than on the normal side, though the auditory radiations 
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extending as a large bundle of well stained fibres from the lateral 
margin of the middle geniculate body to the first temporal convolution 
are well marked. Similarly the general wealth of fibres in the occipital 
lobe is less than on the normal side, yet the optic radiations extending 
from the lateral geniculate body around the posterior descending horn 
of the lateral ventricle to the visuo-sensory area of the calcarine region 
are also well marked. Moreover, standing out in marked contrast to 
the remainder of the fibres of the temporo-occipital lobe, is the inferior 
longitudinal bundle which has abundant well stained fibres forming in 
these transverse (frontal) sections a well defined sickle-shaped mass 
which has its broader end above at the base of the island of Reil, and 
curves externally around the descending horn of the lateral ventricle, 
“tapering away to a fine point of fibres in the region of the nucleus 
amygdala. 

It will be seen on reference to the accompanying photographs that 
the third ventricle and the lateral ventricles, with their cella media, are 
moderately distended. This porencephalic condition still further reduces 
the space, which in the left hemisphere is occupied by healthy brain 
tissue. 

Midbrain.—On the right side there is marked atrophy of the pyra- 
midal, and less so of the middle fillet fibres. The red nucleus, as 
previously mentioned, is smaller than normal, and the perpendicular 
fibres of the crus, especially those lateral to the corpus subthalamicum, 
are distinctly less numerous than in the healthy hemisphere. The 
lateral fillet, the middle and lateral geniculate body, the anterior and 
posterior corpora quadrigemina on the affected side present no deviations 
from normal. 

Pons.—The tegmentum on the right side is smaller than on the left 
and the middle fillet fibres are here contrasting with the middle fillet in 
the medulla much wasted and form a band about half as deep and not 
quite so broad as that of the opposite side. Also the longitudinal fibres 
in the mesial portion of the middle fillet are notably very much 
diminished in numbers, so that the nucleus reticularis tegmenti seems 
not only to occupy the position which should be chiefly filled by them, 
but actually to extend laterally, forming a thin band of grey matter 
with middle fillet fibres dorsally and ventrally to it. The central 
tegmental tract and the posterior longitudinal bundle seem slightly 
smaller on this side than on the left, whereas the fibre paramediane 
are slightly less marked and the superior cerebellar peduncle distinctly 
less marked on the left side than on the right. The lateral fillets and 





MICROGYRIA AND ITS EFFECTS ON THE NERVOUS SYSTEM 33 


lateral pontine bundles are equal on the two sides, and with the above 
exceptions all the remaining structures and longitudinal systems seem 
normal in the tegmentum of both sides. 

In striking contrast with the wasted (or lesser developed) tegmentum 
of the affected side is the larger development of the crural portion on 
that side. This is obviously due to the fact that in contra-distinction 
to the cerebral hemispheres the right half of the cerebellum is healthy 
whilst its left half is wasted. For, as is well known on physiological 
and anatomical grounds, one half of the cerebrum is in closest relation- 
ship functionally with the opposite half of the cerebellum. Hence in 
this case the large mass of transverse pontine fibres which chiefly form 
the middle cerebellar peduncle on the right side, and is in connexion 
with the larger right half of the cerebellum, is distinctly bigger than its 
fellow and displaces the anterior median groove of the pons to the left. 
It is interesting to note too that in relationship with the changes in the 
frontal and temporal lobes the temporo-pontine bundles situated in the 
dorso-lateral angle of the pons are somewhat wasted, and the fronto- 
pontine fibres situated mesio-ventrally are also wasted, but less so, in 
keeping therefore with the lesser affection of the main mass of the 
associated area of the frontal lobe. The right pyramidal bundles are 
much wasted and to a considerable extent broken up, more so than on 
the left side, by the transverse fibres of the pons. 

Medulla.—Corresponding abnormalities obtain in the right half of 
the medulla where the pyramidal fibres are greatly diminished in 
number and some in size. The middle fillet is also smaller than its 
fellow, though the difference in bulk is not nearly so great as between 
the middle fillets higher up in the brain stem and notably in the mid- 
brain. Also, there is a distinct relative smallness on this side (right) 
of the nucleus lateralis, and of the inferior olive. The internal arcuate 
fibres are less numerous and also the fibre comitantes quinti, though 
the spinal roots of the fifth nerve seem equally well developed. It is to 
be expected that the inferior olive, which is known to give origin to the 
system of afferent fibres (olivo-cerebellar) which cross the middle line 
and terminate chiefly in the opposite half of the cerebellum, should in 
this case be smaller on the right side because it is thus in connexion 
with the smaller half of the cerebellum (the left), but it is curious that 
the internal arcuate fibres should be more numerous on the left side of 
the medulla than on the right, because after decussating in the middle 
line they bend forwards (frontally), and to a great extent form the 
right middle fillet which is smaller than its fellow. It could not be 
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proved that the left posterior column nuclei from which the left internal 
arcuate fibres almost entirely take origin were larger (or smaller) than 
the right, yet the fact that the internal arcuate fibres were more 
numerous on the left side was not only apparent in the medulla, but 
similarly their homologues throughout the pons were also more 
numerous and better stained than those on the right. The bundle of 
Schiitz, a network of fine fibres extending from the medulla to the 
cerebral peduncles and lying just dorsal to the twelfth and similar 
nuclei, is less evident on the right side than on the left. But, as would 
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be anticipated, the right inferior cerebellar peduncle, formed chiefly by 
the junction of the right direct cerebellar tract with fibres coming from 
the larger left inferior olive and passing to the (larger) right half of 
the cerebellum, is larger on the right side than on the left. The 
remaining structures in the medulla seemed normal, and call for no 
comment. 

Cerebellum.—The gross changes in the cerebellum are best realized 
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by a reference to the accompanying figure. The left half (i.e., the 
side opposite to the affected cerebrum) is much atrophied. On micro- 
scopic examination it is found that in the wasted area the cells of 
Purkinje are small in number and in size and their processes are much 
stunted, though here and there a few comparatively healthy cells may 
be seen. The granular layer, and slightly also the molecular layer, is 
thinner than in health and seem to be equally affected throughout their 
depth. An outer layer of round cells, two or three deep, immediately 
beneath the Purkinje cells, as found by Mott and Tredgold in a similar 
case, are not in this instance visible. The so-called cells of Golgi 
seem also distinctly diminished in number in the diseased area. The 
left nucleus dentatus is smaller and thinner in all dimensions than 
the right, and evidently associated with this is the fact that the left 
superior cerebellar peduncle which takes origin from it is smaller than 
its fellow. The nuclei globosus and emboliformis are slightly smaller 
and less rich in fibres than on the opposite side, and the left nucleus 
fastigii (vel tecti) is very distinctly smaller, and owing to a paucity of 
fibres and internuclear fibrillar network is paler and less well marked 
than on the right side. 

The spinal cord.—The spinal cord is profoundly asymmetrical, and 
though both sides are affected, the left is much smaller than the right— 
the atrophy of the left side of the cord being in keeping with the 
arrested development of the right cerebrum and the left side of the 
cerebellum. The right half of the spinal cord presents no obvious 
diminution in size except in its anterior column. On microscopic 
examination it is seen that the right direct pyramidal tract and the 
left crossed pyramidal tract are much smaller than normal, the 
number of their fibres is much diminished, and, in addition, many of 
the fibres present show the ordinary signs of secondary degeneration 
and sclerosis. Moreover, these processes have not been limited to the 
above mentioned tracts, but involve also, though to a slighter extent, 
the deep, and more particularly the marginal, fibres of the left antero- 
lateral column. Similar slight changes are noticeable in the right 
crossed pyramidal tract and right antero-lateral column due to affection 
of some of the homolateral fibres. The posterior columns present no 
definite abnormalities, but the white fibres of the anterior commissure 
are in most sections decidedly more abundant on the left side than on 
the right. The left anterior column, which, by contrast with the 
atrophied right, seems almost larger than normal, is very well developed, 
and has displaced the median longitudinal fissure to the right. The 
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grey matter of the spinal cord is affected on the two sides, and that 
somewhat irregularly at different levels. The central canal, though not 
unduly dilated, is here and there multiple, so that two or three small 
canals lie in contact, each surrounded by the ordinary (healthy) columnar 
epithelium. The stress of change in the grey matter has naturally 
fallen on the anterior horns, and on the whole the left anterior horn is 
smaller, narrower, and more stunted than the right. This is especially 
seen in the cervical and lumbar enlargements. In a somewhat similar 
case as this, published by Mott and Tredgold, and previously quoted, 
the cells chiefly wasted were in the lateral and postero-external groups, 
but here, though these are to a large extent affected, and in some places 
practically absent, it is noteworthy that at certain levels the mesial 
groups, both anterior and posterior, as well as the central group of cells, 
are almost absent in the left anterior horn. The cells, mostly of smallish 
size and fusiform, of the lateral process to which Bruce has recently 
called attention, are well preserved at most levels, and better on the 
right than left. The columns of Clarke are little affected, but in the 
lower dorsal region their cells are larger and slightly more numerous on 
the right ‘side. In all cases, however, these cells show a marginal 
accumulation of granules, with a peripherally displaced nucleus, that is 
to say, the ordinary structure of the Clarke-Stilling cells. . 


REMARKS. 


Such cases as described above have usually been known under 
the name of hemiatrophy of the brain or arrested development of 
the nervous system. All of them are probably due originally to a 
vascular lesion, either arterial or venous, occurring in foetal or early 
life. The chief organic changes result from arrested development of 
certain parts of the central nervous system, whilst others continue 
to grow more or less as in health; hence the title of atrophy or 
hemiatrophy seems ill-chosen. On the other hand, as a result of arrested 
development and function in certain structures, others often far distant 
from the original lesion undergo secondary and tertiary atrophy, and 
these atrophies may give rise to the most striking organic changes or 
symptoms in a case, and therefore the term of arrested development 
of the nervous system or hemiagenesis suggests a distorted idea 
of the case. On the whole, it seems to the writer that the term 
microgyria, which involves no causal theory of the disease, and yet at 
once indicates the grossest change visible to the naked eye in such 
a case, is better than either of the other two in common usage. 
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Mott and Tredgold [2] state that these cases readily group them- 
selves into two classes: (1) Cortical, in which the lesion is confined 
to the cortex or underlying white matter. (2) Basal, in which the 
original lesion is situated in the structures at the base of the brain; 
and they describe three cases as illustrating this. Though undoubtedly 
most of these cases can be thus conveniently grouped, there are occa- 
sionally others in which the original lesions may be both in the cortex 
and in the basal structures of the brain. Judging from the relative 
amount of disease in the cortical efferent systems and in the structures 
originating or terminating in the basal ganglia, the writer is of opinion 
that the case described above falls into an intermediate group of cases, 
partly cortical, partly basal. ; 

Mott and Tredgold [3] state that “it has been conjectured that 
a descending thalamo-spinal path exists in man.” By reference to two 
cases, including one of microgyria, and by a lucid deduction from facts. 
they proved the existence of such a path, and gave photographs of it, 
It may be of interest in this connexion that the writer, at a meeting 
of the Physiological Society at Cambridge in August, 1904, demonstrated 
specimens of the brains and cords of twelve monkeys in which he had 
caused degeneration in such a descending thalamo-spinal path by 
production of a localized lesion in the optic thalamus. This atrophy, 
or degeneration of the thalamo-spinal path, in the case described in 
this paper, is not (unlike that in the case described by Mott) obtru- 
sive, because, firstly, the relative amount of disease in the thalamus 
is smaller; and, secondly, the amount of disease in the surrounding 
structures in the record is relatively greater. 

It is not within the scope of this paper to enter into further detail, 
which, with organic changes in nearly every part of the central nervous 
system, would take one too far afield. The main fact that the right 
half of the brain is structurally and functionally chiefly associated with 
the left half of the cerebellum, and with both sides of the spinal cord, 
but chiefly the left, finds striking illustration in the present case, and 
further detail is given in the body of the paper. 
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A PSYCHOLOGICAL INTERPRETATION OF ESSENTIAL 
EPILEPSY. 
BY L. PIERCE CLARK, M.D. 
New York. 


I. 


As ordinarily considered to-day, epilepsy is recognized by loss of 
consciousness and a convulsion. Probably epilepsy as a disease has 
@ more ancient lineage than any other nervous disorder. Throughout 
the ages the nature of epilepsy has been, and still is, the subject of 
surmise, conjecture and scientific study. The disorder has been ascribed 
to many varying factors. In the great majority of cases, however, no 
physical or structural causes may be found. These forms are spoken of 
as genuine, idiopathic or essential epilepsy. It is to the psychological 
nature of these cases especially that the interpretation in this short 
thesis is to be applied. Thus we have under consideration an apparently 


sound individual having epileptic attacks of apparent idiopathic or 
unknown origin, and whose essential epilepsy, therefore, may be con- 
sidered in the nature of a life-reaction, comparable to a state of rage or 
anger as seen in bad-tempered individuals, or excessive emotionalism in 


the supersensitive. 

It would appear that a full recognition of an epileptic constitution as 
such, independent of the deteriorating influence of excessive attacks, 
which only brings it more markedly in view, was not much recognized 
before 1860 or 1870. Falret, the elder, an observer of about that time, 
and Billod (1882), a pupil of Falret, as well as Kirchhoff, who wrote as 
late as 1890, believed that the peculiar mental make-up of so-called 
sane epileptics did not possess characteristics distinguishable from that 
of others in their particular station in life. It is interesting to note 
the view which a practical neurologist would have upon the presence of 
@ particular and distinctive constitutional make-up, the essential conten- 
tion of our thesis. Oppenheim, a neurologist of this type, states that 
the intellect of an epileptic may be “absolutely intact.’’ He cites as 
examples Cesar and Napoleon, but quickly adds that we see no such 
cases to-day. In another division of his work he states that sane 
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epileptics are “often excitable, suspicious and irascible,” but hastens to 
offer an apology for these peculiarities, based upon the nature of the 
disorder from which they suffer. He finally adds, however, that a 
normal intellect becomes impaired by the fits. 

As soon as the disorders of affect were recognized in psychiatry, 
independent of purely intellectual ones, a notation of the former began 
to appear in the literature of the psychology of epilepsy. Now and 
then one finds in the neurological literature, in contradiction to the 
psychiatric or psychologic view, an attempt to find an organic basis for 
the epileptic make-up, just as some authors strive to see many of the 
mental characteristics produced by the social restrictions which the 
interned epileptic endures as a result of his malady. Cramer (1912), 
while firm in the belief that epilepsy proceeds from cortical alterations, 
becomes confounded and unable to explain the constitutional make-up 
by such changes. Among the phenomena of latent epilepsy, Hartmann 
and di Gaspero (1914) believe that, long before the epileptic symptom 
complex, with its first undoubted paroxysmal phenomena, beccmes 
manifest, an individual may show prodromal symptoms, the relation- 
ship of which, however, to epilepsy cannot be maintained with certainty. 
They cite many variations in affective life from the family histories 
of epileptics, and find they are hardly ever missing from such histories. 
Here belong the tendencies to abnormal, endogenous changes of temper, 
anxious fears and sudden depressions. Apart from the sequele and 
prodromata of an attack, the authors mention great exhaustibility, 
restlessness, anomalies of disposition, increased irritability, distrust. 
depression, anxious fears, tendency to violent impulses. In addition 
to the usual slight mental defects, the authors note a tendency to 
unreal ideas. There are also memory falsifications. The affective life 
as a rule shows great departures. There are transitory phobias, ecstasies, 
and, most common of all, irritable and depressive states. As many as 
78 per cent. are said to suffer from these endogenous anomalies of dis- 
position. As a rule consciousness is clear. Under the progressive 
changes seen in advanced cases of epilepsy, the authors refer to the 
deterioration. As a rule the subjects react abnormally to external 
impressions. The affective changes constitute that ethical depravity of 
the entire personality known as the epileptic charactenx We see here a 
morbidly augmented irritability of the temper, with a special tendency 
to outbreaks of anger. An egocentric contraction of the entire emotional 
life, pathological lying, &c., may develop. 
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Féré (1890) believed that the character and manner of epileptics 
can easily cause suspicion of the disease long before the convulsions 
appear. The emotional make-up is mobile and explosive; the former 
rests upon a foundation of “impotence and sadness.” 

Anyone acquainted with the well-formed peculiar mental charac- 
teristics of the frank epileptic in institutional life will easily recognize 
the classic description of the epileptic make-up as given by Pilez 
(1904). In relating anything, the epileptic is never diverted and always 
arrives at a conclusion. He repeats the same story in the same 
language, and makes free use of commonplaces, proverbs and biblicab 
texts. As a rule they are pietists, observe religious duties scrupulously. 
Their devotion is at times exaggeratedly sweet. They flatter by fre- 
quently prefixing “good” and “ kind”’ in addressing others. In striking 
and characteristic contrast to the foregoing is the unusually marked 
irritability, sensitiveness and egotism. Hiibner (1914) also mentions the 
inclination to piety on the one hand, which plays a great réle in the 
thoughts of the epileptic, and on the other the strongly marked egotism 
which permits him to think only of himself and never of the rights of 
others. 

In accord with the main tenets of the views given in the foregoing 
citations, one might quote a number of other writers such as Esquirol, 
Bischoff, Clouston, Ball, Russell Reynolds, Magnan, Howden, Romberg, 
and others. However, I think it may be proved, so far as opinions and 
observations of the chief investigators of our subject are concerned : (1) 
There is a more or less constant affective disturbance in all epileptics, 
sane as well as insane; that such defect is due to an inherent make-up 
of the psyche in which mainly an egocentricity and a highly sensitized 
feeling are given to the individual; and that from this constitutional 
make-up or alteration the ultimate deterioration of the psyche, intel- 
lectually as well as emotionally, is gradually developed, step by step, 
and if the state is not corrected that this finally and logically ends in 
real mental deterioration. (2) The epileptic alteration is seen to proceed 
from the mental make-up or constitution of the individual epileptic long 
before his malady reaches the convulsive stage, and that the one is but 
a further and final unfolding of the former. 

A few years ago I undertook a study of the character make-up in a 
small series of essential epileptics before they had their first attack, and 
found these potential epileptic individuals had nothing wanting in the 
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complete picture of the character as seen in those suffering from a long 
enduring and severe epilepsy, though the character faults were not so 
glaring as in the frank epileptic; there was also a wide latitude in the 
quality and amount of defect encountered. It is interesting to compare 
the attitude of trained clinicians in epileptic colonies and physicians in 
private practice toward the epileptic individual. The former live more 
or less in intimate contact with their charges; they recognize their 
peculiar type—one scarcely detected by the outside physician. Hence, 
they base treatment largely upon the defects and capabilities of their 
charges, and grow less and less to depend upon the seizures as such, or 
to lay stress upon a pure drug or special organotherapy, a practice so 
common with the general practitioner; yet the position of the trained 
epileptologist, until recently, has been assumed by many to mean that 
he is unacquainted with the newer and ephemeral panaceas for this 
great disorder, and has arrived at therapeutic nihilism. The fact is, the 
colony physician has a broader view of the whole problem. The 
physician in private practice sees little of his patient’s personality and 
individual reactions, and often only obtains a record of attacks and their 
allied symptoms upon which he may base his therapy. If the institu- 
tional physician received his patients in an earlier stage, he could 


probably considerably alter the pessimistic prognosis of epilepsy which 
now obtains. At present he receives not only the most badly deteriorated 
patients, but often those so fearfully handicapped by drug and surgical 
therapy that it takes months to rid the epileptic from these well meant, 
but misdirected, remedies, so called. It is to be regretted that the 
majority of text-books continue to state that sedatives are the chief, if 
not the sole, therapy for essential epilepsy. 


Il. 


Inasmuch as the life reactions of the epileptic character are the 
distinguishing factors of the make-up, we may sketch the defects of 
maladjustment at the several epochs of life stress. 

At birth the potential epileptic child frequently has periods of 
meaningless crying. This extra-irritability and sensitiveness is so 
pathological that it rarely fails of detection and record. For instance, 
one history states the child ‘‘ was considered a nervous and irritable 
child from the day of its birth.” A second “fretted continually at the 
contact of rough clothing,” while a third “cried continuously the first 





42 ORIGINAL ARTICLES AND CLINICAL CASES 


three months,” although nothing physically abnormal could be detected. 
One infant nearly went into spasms at the sound of an air-brake. Still 
another had to be rocked continuously, and slept only during this care. 

The next important sequence in such a character is its non-pliability 
in being taught nursery ethics—that is, obedience and proper daily 
deportment in the home. These behaviour defects are usually inde- 
pendent of purely intellectual and physical ones, and these infants sit 
up, creep, talk, and walk at the usual ages. Indeed, in not a few the 
physical and the intellectual development seem accelerated, and 
certainly are hyperactive. Extreme lability of mood is a frequent 
factor. One moment contented, and the next irritable beyond power of 
appeasement, is often noted. The consecutiveness of purpose in play 
and capacity to be amused is short, requiring the constant attention of 
the parent and varying appeals to the child’s interest. Tantrum episodes 
even under the mildest discipline are most common in these difficult 
children. Their maladaptive defects are soon shown in their association 
with other children. They demand the play to be arranged to suit 
them; a game must be played a certain way; it must be continued or 
stopped as they direct. Their likes and dislikes are extreme. In the 
school under an impartial discipline these potential epileptics show the 
most obvious traits. The mood is inconstant, the interest and attention 
continually vary, and hence their more purely intellectual processes 
often show wide dissimilarities in evolution. Extremely brilliant in 
some subjects and quite ignorant in others is the general rule. Because 
of their extreme nervousness and inability to conform to school routine, 
many children fail physically and mentally, and cannot take on the 
normal school training. Some are privately tutored; others are 
exempted from school discipline and routine except for short periods. 
Such scholars often appear pale and haggard, the pupils of the eyes are 
dilated, and they grow lethargic and sullen, or sit day dreaming and 
yawn. They grow intolerant of the school, and often rebel at its 
exacting demands. Thus in infancy and early childhood the instinctive 
defect of the ego fails of proper sublimation; the adjustment to the 
social and physical environment is incomplete and unsatisfying, and, 
thrown back upon itself, in consequence there is a reinflation of self- 
importance and sensitiveness. Childhood, therefore, is a fruitful period 
for new and unbearable stresses, and, in consequence, epileptic attacks 
often occur in one predisposed. 
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The next stressful period is at puberty; here the dissolution of the 
oftentimes irksome home ties may release some from the galling 
exactions of home discipline, but most frequently, as in the departure 
for school with its exactions in deportment, we find the puberty adjust- 
ment to work and social demands increasingly onerous. The potential 
epileptic is not willing to take on a proper attitude of apprenticeship. 
He has the innate instability of the constitutional inferior, but the good- 
natured indifference of the latter is not his attitude; his feelings are 
easily hurt, he has ill-defined paranoid persecutions which cause him 
frequently to react with violence, insolence, and hatred. He has attacks 
of rages, sullen moods, and dispirited acquiescence in plans and under- 
takings. The lack of good-fellowship renders him incapable of 
co-operative teamwork. The potential epileptic admires co-operation 
and the doing of big things in the abstract, but the requirements of 
interdependence and subordination to the main purpose galls and 
irritates him beyond endurance. During adolescence he begins already 
to present an odd mixture of primary defects of instincts, together with 
a commencing deterioration of the higher capabilities of social adjust- 
ments known as habit deterioration. In part the latter is protective ; 
that is, under the extreme stresses of this period he may ease off the 
stress by lowering or evading the exactions of precise behaviour and 
deportment. Thus, instead of presenting fits for a time, he may take 
on various types of dissipations. With no real or intimate friends, the 
potential epileptic holds himself aloof from the demands of the common 
sacrifice of self and the mutual dependence of social custom. He is a 
free lance, able and usually anxious to work his own will upon the 
world. If gifted with extraordinary intellectual endowments, he may 
succeed for a time and make satisfactory progress towards his goal, but 
just short of it his egotism and ambition are often fired to new and 
impossible ends; when the whole scheme seems to him within final 
consummation, some small trick of fortune adds the last burden of 
stress upon his mental and physical health, and the individual breaks 
into frank manifestations of his disorder. 

Freed in greater part from the trammels of social concern and demand, 
the intellectual efforts of the potential epileptic work with less stress than 
the normal, but in the final and more advanced consummation of his task 
the social customs of the family, friends and society itself fail to add 
their small but modifying influence as a directing force to the effort. In 
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consequence new and unforeseen hindrances are added which in turn 
reduce the mental and physical invulnerability to the minimum, and at 
such defective periods some physical stress which at a more favourable 
time would be quite negligible appears as the precipitator of the frank 
disorder. Thus one learns to discount the common precipitating cause 
ofthe epileptic attack ; such obvious studies are but surface ploughing of 
the etiological field in epilepsy. One is apt to think that inasmuch as 
epilepsy is essentially a disease of early life the great majority are 
unmarried, because the state in itself bars marriage, but in the vast 
majority the reason is by no means so simple. It is really because the 
epileptic is rarely equipped in essential character make-up for marriage. 
Emotionally and sexually he rarely develops beyond the level of puberty 
and fails in capacity to attain adult love. Naturally this is to be 
expected in that the latter demands self-subordination and sacrifice, and 
above alla tenderness of feeling which is conspicuously lacking in the 
potential epileptic. In view of the foregoing it is evident that marriage 
increases demands socially as well as economically and makes not a few 
potential epileptics break out inattacks. At the threshold of life the vast 
majority break before or just at this period, which is the point of 
maximum stress. Almost all potential epileptics, long before their 
disorder becomes at all acutely manifest, show increasing slowness and 
a diminished capacity for sustained employment. They show extra 
fatigue and diminished interest, a partly protective mechanism. A 
tenacious, consistent, all-around emotional development in a life-work 
seems impossible to the vast majority. They work fairly well for a time, 
with plenty of emotional appeal, lavish praise and constant change, all 
essentially infantile traits of character, but in the end fail to do a 
thoroughly competent life-work. 


III. 


The muscular convulsion may be explained hypothetically. We 
know the convulsive part of the fit in its severer and cruder aspects 
is comparable to the impulsive movements of the infant. The 
impulsive foetal movements begin about the twelfth week of gestation, 
hence the brain cannot be involved per se in their genesis ; further, it is 
known that brainless embryos possess impulsions. There is a short 
period just before birth in which the amniotic fluid and the uterine wall 
greatly inhibit the free play of these impulsive movements, but they 
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begin again with renewed activity in the newly born and are slowly 
inhibited by voluntary control at the end of the nursing period. We do 
not know just how the impulsive movements are incited further than to 
surmise that, being of the first, simplest and ontogenetic type of activities 
of the developing organism, their incitor is from motor centres of the 
lower order. In these latter structures are stored up a certain quantity 
of potential energy which is transformed into actual energy by the blood 
and lymph stream. With the increasing tissue growth and tension 
engendered thereby this energy finds its outlet in the random movements 
of the foetus and the infant, and their exaggerated distorted presence is 
seen in the major convulsion of epileptics. Space prevents us from 
outlining more in detail the essential distinguishing characteristics of 


the impulsive from the instinctive, reflex and conscious or ideational 
movements of the infant; this has been done most carefully by Preyer 
and later correlated into a recent study by Canestrini. Suffice it to say 
the newer studies on the meaning of the convulsive part of the epileptic 
fit make careful analysis of all the impulsive movements of the nursling 
doubly necessary. It will then be found desirable to note their exact 
relationship in reference to the psycho-sexual development and its defects 


as shown in the infantilism of the epileptic. 

As might be expected the number of the impulsive movements is not 
great. They may be schematized as those of stretching and bending the 
arms and legs in the newly born. The movements are sometimes so 
quick as to resemble the clonic convulsions of a fit. They may be slow, 
then fast and finally end in clonic movements. Even in healthy infants 
they may be so slow as to resemble the tetanoid spasm of a beginning 
focal seizure. Preyer speaks of the muscles involved in the impulsive 
acts as possessing such a slow, crawling movement that the acts present 
a striking resemblance to the extension and flexion of the limbs of 
animals waking from their winter sleep. Such animals, like sleeping 
children, seen even in the first half of the second year, make genuine 
foetal movements which often look as though they were directed against 
some invisible resistance. This all suggests many of the striking im- 
pressions one gains in observing the convulsions of epileptics. Convul- 
sive motions in the infantile impulsions are, however, not generally 
so frequent in sleep as slow contractions. The latter are frequently 
attended by spreading and bending of the fingers, which in turn become 
the rarer toward the end of the second year in all children of sound 
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nervous systems. All these impulsive movements, in the hands especially, 
are asymmetrical in outline. What are some of the depressors and 
incitors of these impulsive movements? Deep sleep reduces them to 
the minimum. Satiation by food greatly curtails them. On the other 
hand, a duplication of the intra-uterine state by the use of the warm 
bath encourages them. The movements are then usually slow and 
rather rhythmic and graceful. One may even see in them the beginning 
of an expression of pleasure. The face may join in the picture of content- 
ment with slow asymmetric contortions, which semblance has an odd 
1ixture of pleasure with more than a hint of displeasure. The greater 
part of the impulsions, however, are purposeless, senseless and asym- 
metric and are found over the entire body from the first day of birth. 
Writhing and twisting of the body are also frequent accompaniments to 
the movements of the face and extremities. Just as the infant sinks 
into deep sleep these impulsive movements slow down and the body 
usually comes to a state of rest in the foetal position. The foetal posture 
in the legs is kept up longer in advancing child life than that of the 
head and upper extremities. Many writers have called attention to the 
fact that no one could consciously duplicate these acts. Then, too, one 
is strikingly impressed that the infant and the epileptic alike are little 
fatigued by these most intense and persistent impulsions, which speaks 
strongly for the unconscious motivation in both their activities. Probably 
in both subjects the fund of reserve energy being so limited in scope is 
greater than that of the normal adult as ordinarily expressed in his 
daily activities. Biologically speaking, we know that the essential vital 
energy of an individual is probably at its maximnm at birth. 

We are justified in considering the essential nucleus of the epileptic 
fit an infantile unconscious striving of displeasure-pleasure pursuit 
ending in the final goal of a return to infancy, attended by a loss of 
consciousness and a convulsion; that the convulsion is made up of and 
flows out of the general striving of the foetal and infantile tissues as 
expressed through the lower spinal centres in inducing simple and crude 
combinations of impulsive movements; that a study of the degree of 
development of unconscious infantile strivings in the emotional instincts, 
the desire for an infantile state of omniscience, are paralleled by the kind 
and character of impulsive movements found in this infantile period of 
neuromuscular development. Therefore the two main settings in the 
epileptic fit, unconsciousness and convulsion, are psychical and physical 
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correlates ; lastly, that epilepsy in its essential pathogenesis is an error or 
arrest in this fundamental elaboration or development of the emotional 
life. 

Having schematized the dynamic mechanism of the epileptic fit, we 
may note that the essential pathogenesis of the disorder as a whole is 
still to be attacked. Whether the latter rests upon an inheritance of 
certain psychic traits alone or whether there are certain somatic structural 
anomalies which do not permit proper emotional and instinctive develop- 
ment into normal adult life one cannot say. I believe such studies, 
however, narrow the gap between such causes and their psycho-physical 
expression in epilepsy; and finally, such observations must be of 
greatest aid in classifying the recoverable epileptics from the irrecover- 
able ones. It also points the way by which may advance our thera- 
peutics of the disease along the broadest biological lines of educational 
and moral treatment. In this connexion one may note that MacCurdy 
has tentatively formulated the idea that the sudden loss of consciousness 


in epileptics liberates a muscular anarchy of ‘‘ clotted mass of movement ” 
of many different lower levels or physiologically controlled centres in 
the brain and spinal cord, and that the convulsive part of the fit is a 


released neuromuscular mechanism or series of mechanisms entirely 
secondary to the loss of consciousness, the main defect of the epileptic 
state. He holds the same fundamental postulate as to the psychological 
meaning of the epileptic fit as we have formulated it. 


IV. 

Given the inherent defect of make-up, it is easy to comprehend how 
all forms of undue physical and mental stress may operate deleteriously 
upon the epileptic. The gradations of epileptic reactions vary from day- 
dreaming, lethargies, petulance, sullenness and outbursts of impatience, 
until there succeeds a series of minor attacks or a severe major convul- 
sion, when the lowering skies in the epileptic’s life are dispelled for a 
time until the stresses again accumulate to an explosive level. So long 
as normal consciousness is maintained the stress may work its evil con- 
sequence in ways well known to all. The epileptic reaction from its 
mildest to its severest manifestation is really a protection, for it obliterates 
reality and reduces the subject to the lowest level of organic response, 
that of a comatose state. Hence the fit is really a protective mechanism, 
psychologically considered at least. It withdraws or reduces the 
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subject’s attachment and adjustments to reality. It dispels an 
intolerable demand and the epileptic retreats to a state of harmony and 
peace. In the retreat after incomplete attacks we frequently encounter 
unconscious strivings and conflicts that have baffled the subject. So 
exogenous causes, physical and mental in character, slight as they may 
seem to be, precipitate a conflict which fires the gun,.and a series 
of conflicts of different levels in the unconscious are exposed until after 
the severe major attack the subject is reduced to the lowest level, 
comparable to earliest infantile life. When this hypothesis was enun- 
ciated a few years ago it was as yet uncorroborated by exact data, but 
since that time innumerable studies bearing out every contention of the 
mechanism have been deduced. Thus we find inthe mild and transitory 
deliria of the automatic phase after petit mal attacks the subject may 
say or do certain things which may be pieced together and minutely 
analysed. Like the mental content in maniacal states or drug and fever 
deliria, these spontaneous productions have to do with the conflicts of 
everyday life. Then appear the successive deeper levels of emotional 
strivings and conflicts. For instance, at first the epileptic attempts to 
rid himself of an onerous task or unpleasant companions ; sexual strivings 
are uncovered and in the deepest level he has made a retreat to the home, 
is jn the cradle or the mother’s arms, &c. 

The view here expressed in reference to the psychology of epilepsy 
is not essentially new either in principle or application of treatment. 
It but gives us a more rational understanding of the nature and 
mechanism of the disorder itself and renders the plan of handling and 
treating the essential disorder more understandable and practicable. 
One can easily comprehend that the point of attack in the treatment of 
such a disorder rests upon an effort toward training out the constitutional 
defects of personality and teaching these patients to make a better 
adjustment to life. 

We therefore must conclude that essential epilepsy as regards 
causation is dependent upon a primary congenital defect or inheritable 
defective instincts of natural and healthful adaptations to reality, the 
epileptic make-up or constitution, and that at successive periods in life, 
when emotional and physical stresses of ‘an intensive character are 
encountered, the individual so constituted has epileptic reactions such 
as fits, disturbances of temper, lethargies, and various psychic pheno- 
mena. The fit is essentially a regressive phenomenon, a flight from 
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undue stress into unconsciousness, the deeper manifestations of which, 
the convulsive phenomena, are superadded. By analysis of the states of 
automatism of epilepsy, by the conscious analysis and the dream states, 
one gets to kuow the depth of regression and the infantility or crudity 
of the essential instincts of the individual epileptic. In consequence the 
future lines of treatment heretofore empirically undertaken by reducing 
the life stresses is now made much more patent by our exposition of 
the instinctive defects: that the proper treatment of epilepsy is an 
intensive and persistent educational training in its broadest and deepest 
sense, together with the correction of such mental and physical disorders 
as are remediable by more conscious methods, as occupation, educative 
play and healthful interests and pursuits. 
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THE PSYCHOGALVANIC REFLEX: A REVIEW. 


BY E. PRIDEAUX. 
(From work carried out at Cambridge for the Medical Research Committee.) 


WatterR [45], during his investigations on the electrotonic changes 
of excitability of the motor and sensory nerves of man in 1880, noticed 
irregular galvanometric deflections, which at that time he could only 
explain as being due to slight alterations of contact between the skin 
and the electrodes caused by muscular movement. Féré [7] was the first 
to point out in 1888 that an emotional reaction was accompanied by 
electrical changes in the human body, demonstrable by galvanometric 
deflections, when the resistance of the body to a weak electric current 
was being investigated; he noted that these changes were correlated 
with the alterations in volume of the limbs as shown by the plethys- 
mograph, but reported that the galvanometric deflections had been 
insignificant in the normal persons he had experimented upon, and 
were only established for hysterical patients. In Féré’s opinion the 
changes were due to a lowering of the resistance of the body under 
the influence of emotional states. 

In the same year, independently of Féré, Tarchanoff [42], working 
on the electromotive changes in the body, and using no external current, 
showed that the phenomenon was a normal one, and occurred in all 
healthy individuals, when two non-polarizable electrodes attached to 
asymmetrical parts of the body were connected up with a galvano- 
meter. Tarchanoff concluded that ‘the galvanic phenomena observed 
in the skin, which are concomitant with different kinds of nervous 
activity, should be considered as due to an active state of the sweat 
glands, which at this time produce a secretory current.” 

The work of Féré and Tarchanoff remained for several years 
unnoticed, and it was not until E. K. Miiller [24], an electrical engineer 
without any knowledge of the previous work, rediscovered Féré’s 
phenomenon in 1904, and communicated his results to Veraguth [43], 
who gave the name “psycho-physical galvanic reflex” to the 
phenomenon, that any methodical research was carried out. Although 
Veraguth’s term, now shortened to “ psychogalvanic reflex,” has come 
to be used indiscriminately for all electrical changes shown by the 
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galvanometer due to psychophysiological processes, it is necessary, in 
order to avoid the confusion in which some investigators of this subject 
have entangled themselves, to deal separately with the phenomena as 
reported by the original observers: (1) Galvanometric deflections due 
to production of some electromotive force when no external current is 
used (phenomenon of Tarchanoff); and (2) Galvanometric deflections 
due to apparent change of resistance when a weak electric current is 
passing through the body (phenomenon of Féré). 


APPARATUS EMPLOYED TO DEMONSTRATE THE REFLEX. 


(1) When no external current is used.—Tarchanoff [42] employed 
non-polarizable clay electrodes attached to the skin by means of hygro- 
scopic pads saturated with saline solution. These were connected with 
a Meissner and Meyerstein galvanometer. The electrodes were applied 
at different times to asymmetrical parts of the body such as the hands 
and fingers, feet and toes, face and back, whilst the subject was kept at 
complete rest. Experimenting in this way he found that psychic stimuli, 
real and imaginary, provoked galvanometric deflections. Later, 
investigators have followed this method with but slight modifications. 
Sticker [41] repeated Tarchanoff's experiments in 1897, and Sommer 
[39] in 1902. Fiirstenau [8] experimented on the physical nature of 
the phenomena and the effects of different electrodes. Sidis and 
Nelson [38] relied chiefly on platinum hypodermic electrodes, used a 
d’Arsonval galvanometer (“sensibility 225 megohms’’), and took 
photographic records of the deflections; they showed that even from 
symmetrical parts of the body, in the case of the two hands, a galvanic 
reflex was produced. Gregor and Loewe [15] and Philippson and 
Menzerath [30] employed an Einthoven’s galvanometer with photo- 
graphic recording apparatus, the former relying chiefly on Ostwald’s 
electrodes, and the latter on Einthoven’s zinc sulphate electrodes. 

Radecki [33], using zinc electrodes, got similar results with 
Lippmann’s capillary electrometer, and found that the electromotive 
force produced was about 0°005 volt. 

(2) When an external current is used.—Féré did not give any 
particulars of his method. The usual technique of most of the investi- 
gators is a modification of that employed by Veraguth. He introduced 
a d’Arsonval mirror galvanometer with a shunt into a circuit, through 
which a feeble electric current from one or two Leclanché cells was 
being conducted through the body, the places of entrance and exit of 
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the current being the palms of the hands, and the electrodes being 
nickel-plated brass cylinders. He measured the deflections of the 
galvanometer on a horizontal celluloid scale, on which the light from 
the mirror registered its movements. A similar technique, with the 
addition of a device for recording the deflections by hand on a kymo- 
graph, was adopted by Peterson and Jung [27, 28], using copper plates 
as electrodes, Ricksher [34] with brass plates, and Radecki [33] with 
zinc electrodes. Sidis and Kalmus [37], and also H. Miiller [25], used 
liquid electrodes—glass vessels filled with concentrated saline solution, 
in which large copper electrodes of about 500 cm. area were per- 
manently placed, and in which the hands or the feet could conveniently 
rest. Gregor and Loewe [15] were the first to take systematic 
measurements of the deflections in terms of apparent resistance, and 
compare it with the resistance of the body by means of a Wheatstone 
bridge. Waller [47, 49] independently has adopted this method as 
the most convenient for accurately determining the magnitude of the 
deflections in terms of ohmic resistance, or, reciprocally, of conduct- 
ance, introducing also into the circuit.a potentiometer delivering one- 
tenth of the E.M.F. of a Leclanché cell for purposes of calibration, 
by means of which the deflection can also be directly measured and 


expressed in terms of voltage; he passes his main current from two 
Leclanché cells through one hand, and applies the electrodes, usually 
zinc discs covered by chamois leather moistened with 0°6 per cent. 
saline solution—one on the dorsum and the other on the palm of the 
hand. By this method he has shown that the reaction expressed in 
terms of voltage may be 0°5 volt. 


PHENOMENA OF THE REFLEX. 


The only fact about which there is general agreement amongst the 
investigators on this subject is that the phenomena of the reflex have 
been definitely established, both with and without the use of an external 
current. 

(1) Galvanometric deflections due to psychical causes.—Any stimulus 
giving rise to an emotion, such as the unexpected ringing of a bell, 
flashing a light, a pin-prick or a burn, after a certain latent period will 
cause a deflection which is proportional to the subjective state aroused. 
An actual stimulus is not necessary, the expectation of the stimulus is 
sufficient, and it is only necessary for the experimenter to walk behind 
the chair of the subject for a deflection to be produced. The threat of 
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a stimulus often provokes a greater reaction than the stimulus itself. 
Also calling up memories of painful experiences, or referring to questions 
concerning which the subject may have pin-pricks of conscience, will 
give a deflection. 

(2) Galvanometric deflections due to physical causes.—Alterations in 
contact between the skin and the electrodes will cause deflections, but 
these are easily recognized. When using liquid electrodes, this deflection 
is always in an opposite direction, due to withdrawal of the hands or feet 
from the solution: when using metal electrodes, firm pressure on them 
can produce a very slight deflection in the direction of the emotional 
reaction, but muscular movement causing diminution of contact will 
produce a deflection in an opposite direction. These deflections can be 
distinguished by the fact that they take place immediately, and are not 
characterized by a long latent period. 

(3) Galvanometric defleciions due to physiological causes.—A deep 
inspiration, cough, yawn or sigh will produce a large deflection, whilst 
ordinary respiratory movements will not visibly affect the galvanometer. 
These deflections have a latent period of the same order as the 
emotive deflections. 

(4) Latent period.—The latent period varies in different people, and 
in the same people at different times. It is of an average duration of 
two to three seconds. The periods recorded by different observers vary 
slightly, as some—Veraguth [43], Knauer [19]—make it longer, having 
measured the time from the commencement of the stimulus to the 
summit of the reaction, instead of to the commencement of the reaction, 
as is now generally done. ; 

(5) After-discharge effect—The reaction provoked by the excitation 
persists for some time. This time varies considerably in different 
persons ; it may last only ten to twenty seconds, or it may persist for 
a few minutes. 

(6) Fatigue of refler.—After a stimulus has been repeated a few 
times it begins to lose its emotive effect, and very little reaction then 
occurs: It cannot be regarded as a true reflex fatigue. After a subject 
has been experimented upon for some time and has become familiar 
with the procedure, he may give no reactions until some new and 
unexpected stimulus catches him unawares. 

(7) Diminution of reflex as result of fatigue-—The same subject 
will react differently to the same stimuli at different times of the day, 
and at the same times on different days, according as he feels in good 
or bad health. Physical or psychical fatigue diminishes the reflex. 
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Other important phenomena are that, when an external current is 
used, only the palms of the hands and the soles of the feet give a visible 
reaction, and that when no current is used the best reaction is given 
by a combination of left hand and right elbow. (Philippson and 
Menzerath [30].) When an external current is used there is a slow, 
constant deflection, indicating an apparent gradual increase in resist- 
ance when the electrodes are attached to the skin of the palms of the 
hands or soles of the feet, and an apparent decrease when they are 
attached to the skin of the forearms or legs. The apparent gradual 
increase in resistance was called by Veraguth ‘the curve of rest,”’ and 
is now known to be due to a polarization effect. 


NATURE OF THE REFLEX AS A PHYSICAL PROBLEM. 


All investigators of the psychogalvanic reflex, having satisfied them- 
selves of its reality, have admitted that the nature and causation of the 
phenomenon is an extremely complex one, and for the most part have 
only been able to put forward hypotheses to account for it. 

In the case of deflections produced by emotional reaction when 
there is no battery in the circuit, the problem resolves itself into a 
physiological one to explain the causes for change of potential between 
the two electrodes. 

But the physical problem is more complex when an external current 
is used, and great discussion has centred round the question as to 
whether the galvanic deflections are due to change of resistance or to 
the production of an electromotive force. 

Féré’s [7]view that the phenomenon was due to a lowering of the 
resistance of the body was tacitly assumed to be correct, and was upheld 
by Veraguth [43], whostates: ‘‘ The psychogalvanic phenomenon is an 
expression of the change of resistance of the skin under the influence 
of psychic phenomena.” This explanation was accepted by Peterson and 
Jung [28], Ricksher and Jung [34], and Peterson and Scripture [29], 
without any definite experiments from this point of view. It was not 
contested until Sidis and Kalmus [37] reported that the phenomenon 
was definitely not of the nature of a resistance, but was essentially of 
the nature of an electromotive force. 

Thus Sidis [36] states: ‘‘ All our experiments prove incontestibly 
that the galvanic phenomenon is due to an electromotive force which is 
muscular in origin.”’ Sidis’s technique must therefore be examined in 
some detail. Sidis only employed [37] “a single cell giving a con- 
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stant E.M.F. of about one volt, which was sometimes replaced by a 
thermo-element giving only a few millivolts, and sometimes entirely 
removed from the circuit.” But unfortunately he does not indicate 
what strength of current he used in the different experiments, beyond 
the fact that in most of the experiments on which he relies for his 
evidence he used no cell at all, and was therefore only dealing with an 
electromotive force. The strength of the current used in eliciting the 
reflex is however an important factor, and seems to have been ignored 
by previous investigators. I have shown in experiments, not yet 
published, that it is possible to diminish the reaction pari passu with 
the diminution of the current, and practically to abolish the reflex 
altogether, except for the slight one due to electromotive force, by 
reducing the current sufficiently. Therefore, if Sidis used a current of 
only a few millivolts, he would probably get a reaction due to electro- 
motive force only, and not to change of resistance. 

Secondly, Sidis, referring only once in all his experiments [37] to 
the latent period, which he found to be variable, but of the order of 
magnitude of a few seconds, confesses that ‘‘no attempt was made to 
study accurately such latent periods,” and he omits to indicate what the 
latent periods were in his crucial experiments, nor had he any photo- 
graphic records for this part of his work. As investigators have come to 
regard the latent period of an average of two to three seconds following 
the stimulus as the direct proof of a genuine galvanic reflex, and we 
know that muscular movement can produce a galvanic deflection, there 
is no prima facie evidence that Sidis in some of his experiments was 
investigating the psychogalvanic reflex at all. Thirdly, to complete our 
criticism of this part of Sidis’s work, it is well recognized that the 
galvanic reaction following muscular movement occurs immediately 
after the stimulus, and is, when using liquid electrodes, in an opposite 
direction to that caused by the emotional reaction. Moreover, it has 
been clearly shown by Waller [48] that large reactions are obtained 
without any muscular movement visible on a myograph of sufficient 
delicacy to indicate the movements of the pulse. Sidis’s theory that the 
phenomenon is due to an electromotive force of muscular origin can 
therefore be disregarded. Albrecht [3] also held the view that there 
were two factors in the causation of the phenomenon, and that of these 
the electromotive force was the more important. 

That the phenomenon is due to an apparent diminution of the 
resistance of the body or skin, and not to the production of an increased 
electromotive force within the body, is evident from the following 
experiments :— 
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(1) As was pointed out by Radecki [33] and others, the deflection 
remains the same, and is in the same direction when the electrodes 
themselves aie changed from one hand to the other. If the deflection 
was due to an electromotive force, then under these conditions the 
direction of the deflection would be reversed. 

(2) Waller [48], using a current from two Leclanché cells (2°8 volt), 
has shown that the deflections may be of high apparent voltage (0°5 volt 
and above), whereas Radecki {33], using Lippmann’s capillary electro- 
meter, showed that the reactions due to electromotive force only averaged 
0°005 volt. 

(8) Waller [48] has shown that “‘ during a persistent emotive deflec- 
tion of high voltage, a superadded deflection, caused by throwing in an 
additional calibrating deflection, is augmented in proportion with the 
augmented conductivity.” 

(4) The experiment I have recorded above, namely, reducing the 
current sufficiently to abolish the reflex. If the reaction was due to 
electromotive force, then this procedure should increase the reaction 
instead of decreasing it. 

Having decided that the phenomenon in the presence of an external 
current is due to an apparent diminution of resistance, the next ques- 
tion is whether the apparent resistance is one of the body or of 
the skin. 

The determination of the resistance of the body to an electric 
current is a complex problem, for it depends on the degree of polariza- 
tion and the number and nature of the ions which enter the tissues. 
We know, from the results of electrotherapy by ionization, that the 
glandular orifices are the probable channels by which the ions and the 
electric current penetrate the body. Leduc [20] has shown that with 
the same electrodes we get varying resistances with different active 
ions, and Girard [13] has shown that the permeability of the skin is 
not the same even to the same ions, as the skin and all the membranes 
are susceptible of giving rise to polarization. Any experiments on the 
resistance of the body must therefore take into consideration these 
polarization effects. Weiss [53] has devised an arrangement for measur- 
ing this polarization, and found a potential of 0°2 to 0°25 volt due to 
polarization of the tissues of the body. It is probable that this polariza- 
tion effect varies considerably in different persons and in different parts 
of the body, and our psychogalvanic reflex experiments must make us 
suspect that it is at any rate often much higher in the palms of the 
hands and the soles of the feet. Gildemeister [10] claims that it is 
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possible to produce a contrary electromotive force due to polarization 
effects of two volts in the frog and of six volts in man. 

With an alternating current the phenomena due to the polarization 
effects are reduced to a minimum. It has recently been shown by 
Gildemeister [12] that the resistance of the body varies according to 
the method of measurement. With the constant current the resistance 
depends on the duration and intensity of the current; with alternating 
currents the resistance is smaller the greater the frequency. After the 
removal of the skin the variations are smaller, whilst observations on 
the skin alone show the fluctuations just as the intact body does. It 
was pointed out by Aebly [2], working under Zangger, that the resistance 
of the body by Kohlrausch’s method remains the same whether or not 
a current was passing through it, and that the resistance of the body 
to the alternating current does not alter under the influence of emotional 
reaction. By analogous experiments Gildemeister [9, 11] demonstrated 
the presence of the psychogalvanic reflex without any alteration in 
ohmic resistance, and Schwartz [35] got identical results in the frog. 

It is now obvious why a diminution in the strength of the current 
reduces, and may if sufficient practically abolish the large reaction 
usually obtained when using a current of about 2 volts, for alterations 
of the current will affect the polarization of the skin. 

We can, therefore, definitely exclude bodily resistance as a cause, and 
point to the polarization of the skin as the chief factor in the production 
of the reflex. 

Knauer [19], in his criticism of Veraguth’s book, “ Das psycho- 
galvanische Reflex-phinomen,”’ got very near to this view, but it was 
H. Miiller [25], and Aebly [2], who first drew attention to the 
phenomena of polarization and recognized that the reflex was a polariza- 
tion effect; they held that the increase in conductivity of the body was 
due to a diminution of the electromotive force of polarization, and this 
view was upheld by Piéron [31], and in part by Gregor and Loewe [15]. 
The polarization effect then might be due to a diminution of the electro- 
motive forces of polarization, as held by Miiller,.Aebly, and Piéron, or 
to a diminution of the resistance set up by the membrane where polariza- 
tion occurs. Waller [48] has settled this point by the experiment here 
quoted. “If a potentiometer is put in series with the subject in the 
fourth arm of the bridge, we shall obtain indications that will enable us 
to decide between the two alternatives—electromotive force increased 
or resistance decreased. If the former, a known E.M.F. from the 
potentiometer should give the same deflection before and during an 
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emotive change. If the latter, the potentiometer deflection should be 
increased during the emotive change. And in point of fact this second 
alternative is what actually occurs; whenever I have measured the 
resistance in ohms before and during emotive excitement, I have found 
that the potentiometer deflection was inversely proportional with the 
resistance.’” We must conclude, therefore, that the psychogalvanic 
. reflex in the presence of an external current is brought about by a 
diminution of the resistance of the skin due to the effect of polarization, 
and that this polarization is influenced by an emotional reaction. 


PHYSIOLOGICAL PROCESSES CONCERNED IN THE CAUSATION OF THE 
REFLEX. 


The physiological processes that will have to be considered as being 
possibly concerned in the causation of the reflex, both as causes for the 
change of potential between the electrodes when using no current, and 
as causes for the changes in the polarization of the skin in the presence 
of a current, are: (1) Unconscious muscular movement; (2) changes 
in the capillary circulation; (3) respiratory changes; (4) secretory 
activity of the skin; (5) nervous excitation through the intermediary 
of the cerebrospinal or automatic nervous system; (6) biochemical 
changes in the skin, or to a combination of these. But slight changes 
sufficient to cause a difference of potential, such as currents of action 
due to unconscious muscular movement or secretory activity, which 
may be the concomitants of emotion, are not sufficient to account for 
the large changes obtained when a current is being used. 

(a) Reflex due to production of an electromotive force.—Investigators 
who have given theories to account for the changes of potential are 


Tarchanoff [42], Sticker [41], Sommer [39], Sidis and Nelson [38], 


Radecki [33],and Philippson and Menzerath [30}. 
Tarchanoff relied entirely on the activity of the sweat glands to 
account for the phenomenon, and explained the galvanometric deflection 
as being due to a secretory current. He showed that by placing non- 
polarizable electrodes on different parts of the body the area most rich 
in sweat glands became negative to the less glandular area. This 
question of the activity of the sweat glands must be taken up later when 
dealing with the processes concerned in the presence of a current. 
Sticker repeated Tarchanoff’s experiments, and, whilst not opposing 
his secretion theory, held that the changes in capillary circulation also 
played an important part; he based his view on the work done by 
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Hallion and Comte [16] on the influence of emotion on capillary circula- 
tion. Radecki’s experiments support Sticker’s theory ; his conclusions 
are that the reactions are due to changes in the circulatory and secretory 
systems; that the changes of potential result from discharge of 
electricity which takes place during glandular activity, and that these 
changes depend directly on secretory and excretory processes, and 
indirectly on the capillary circulation. Though it cannot be denied 
that the above processes do cause changes of potential, there are 
serious objections to considering any of them as the specific cause of 
the psychogalvanic phenomenon. As Sidis [37] has shown, when 
using no current, exclusion of the skin by the use of hypodermic 
needle electrodes, or covering the skin with shellac and paraffin, leaving 
only the nails exposed, does not prevent the occurrence of a galvano- 
metric deflection. Also exclusion of the circulation,in man by means 
of an Esmarch’s bandage and in the frog by ligation of the arteries 
supplying the limb, does not materially affect the reaction. Sidis and 
Nelson [38], on the other hand, having excluded the skin and circula- 
tion, claim that the phenomenon is exclusively muscular in origin. 
They have recorded some very careful experiments from this point of 
view, and showed the presence of galvanometric deflections due to 
muscular contraction when the other causes were excluded. But the 
difficulty in accepting Sidis’s conclusion is that these experiments 
were done on animals; that they do not mention anything at all about 
the latent periods, nor is it possible to deduce them from their records, 
and that they did, not try any experiments in man from the point of 
view of excluding muscular contraction and leaving the skin as a 
possible factor. They relied on the fact that the deflection was 
abolished in the curarized frog. It is possible that they were in 
reality investigating the currents of action due to muscular contraction, 
and were only repeating the classical experiments of Du Bois Reymond 
[6]. The most recent work has been done by Philippson and Menzerath 
[30], who conclude as the result of their experiments that the origin of 
the difference of potential causing the galvanometric deflections during 
emotional excitement cannot be attributed to any one specific cause. 
They hold that it is due to the following combination of causes : (1) Ex- 
clusively cutaneous by changes in the activity of the sweat glands or in 
the chemical products secreted; (2) musculocutaneous when the right 
hand becomes positive to the left, which phenomenon they explain 
after Du Bois Reymond [6] as being due to the distension of the skin 
following involuntary contraction of the right hand; (3) exclusively 
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muscular. They also confirmed Tarchanoff's [42] statement that there 
is no correlation between the reflex and respiration, for the pneumo- 
gramme and the electrogramme do not show any parallel. It would 
seem a priori that the same changes in the skin which will account for 
the reflex in the presence of a current would also set up a difference of 
potential and produce the electromotive force reflex. The evidence to 
be put forward as the result of experiments with an external current 
tend to prove that none of these causes can be regarded as the exclusive 
cause of the reflex, and at present the problem is still unsolved. 

(b) Refler due to change of resistance-—Muscular movement can 
be definitely excluded by the experiments already cited. 

The effects of circulation as a specific cause may also be excluded, 
for the reaction is not appreciably affected by the application of an 
Esmarch’s bandage, as originally shown by Veraguth [43]. In spite of 
these experiments, Radecki [33] still maintains this view. He holds 
that the reflex is due to a vasodilatation provoked by a psychic 
excitation, and that the changes in the circulation cause an increase in 
gaseous exchange in the organism and thereby increase the conductivity. 
It is true that vaso-dilatation may cause a reaction in the same way 
that a forced inspiration will, but it is not the cause of the galvanic 
reflex. 

The influence of the respiration deserves more attention than has 
yet been given to it. A deep inspiration, a cough or a yawn produce 
a most marked effect, often greater than that produced by emotion, 
whilst ordinary respiratory movements do not affect it. At first sight it 
would seem that here we might have an explanation of the phenomenon; 
but in an extensive study on this question, Peterson and Jung [28] 
have shown that there is no constant relation between galvanometric 
and pneumographic curves. They conclude: “ When the emotions are 
very labile and show the most marked excursions in the galvanometer 
curve, the respiratory curve is often regular and even. On the other 
hand, where the galvanometer curve is marked by little fluctuation, or 
even by none, there will often be most decided variations in the pneumo- 
graphic curve.” These authors, referring to the rise in the galvanometric 
wave due to inspiration and coughing, state: ‘‘ We are inclined to think 
that this rise may also be psychic, that is emotional. Certainly, in the 
curve we observe exhaustion by repetition of the command to cough or 
breathe deeply, as in the case of other analogous stimuli.” It would 
seem more likely that the exhaustion in these experiments, which is, 
however, slight after fifteen deep inspirations and fourteen coughs, is 
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due to physical fatigue, and that the change in polarization of the skin 
produced by a deep inspiration is a purely physiological effect. If this 
is the case, then the changes in the skin due to a deep inspiration or 
coughing are analogous with the changes produced by emotion, but they 
are independent of each other. However, a study of the biochemical 
changes in the skin due to forced respiration might possibly give us the 
key to the psychogalvanic phenomena. 

The theory which has been most strongly supported is that the 
phenomenon is due to alterations in secretory activity. Veraguth [43] 
supposed that the seat of the change of conductivity was the skin, and 
thought that this conductivity changed, for the following reasons: 
“The cells of the body, like colloids surrounded with a membrane, 
ought to show, each in its own particular way, a specific obstacle to 
migration of the ions. This way varies in the same cells, both according 
to general tone and according to the alterations in their state brought 
about by excitation.” He excludes participation of the perspiration 
itself, for the results were similar in hands made dry with formalin, but 
he does not exclude secretory activity. He quotes one case in which he 
placed a belladonna plaster on his subject for three hours, then took it 
off and rubbed the hand with liquid extract of belladonna, and found 
that the psychogalvanic reflex was diminished. 

Peterson and Jung [28] attribute the phenomenon to a secretory 
activity. ‘It would seem that the sweat glandular system is the chief 
factor in the production of this electric phenomenon, inducing on the 
one hand under the influence of nervous irritation a measurable current 
and on the other hand altering the conductivity of the current. Change 
in resistance is brought about either by saturation of the epidermis with 
sweat or by simple filling of the sweat gland canals, or perhaps also by 
intracellular stimulation; all of the factors may be associated.’’ This 
view has been very generally accepted. Gildemeister [9], and more 
recently Philippson and Menzerath [30], have accepted this explana- 
tion, relying apparently on the experiments of Leva [21]. 

Leva found that in ten subjects a subcutaneous injection of 1 mgrm. 
of atropine sulphate entirely abolished the reflex; that directly after 
the injection, and for the next ten to fifteen minutes, the galvanometer 
deflection was of the usual order, but that after fifteen to twenty-five 
minutes it diminished rapidly, and after about thirty minutes even the 
strongest stimulus gave no reflex. The results of Waller’s experiments 
from this point of view [50] are directly opposed to those of Leva. 
Waller states: “‘I have taken great pains to satisfy myself about the 
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action of atropine upon the emotive response, and have failed to find any 
evidence that it possesses any action at all upon the response.’’ This 
view is supported by the experiments of Markbreiter, working in 
collaboration with Waller [22]. In one of these experiments, even 
after an injection of 2 mgrm. of atropine sulphate into the palm of one 
hand, when the usual pharmacological action was marked, no effect was 
produced on the galvanic reflex, and equal responses of the usual order 
were obtained from both hands. The inconsistency in the results of 
Veraguth, Leva and Waller seems difficult to explain. Neither Veraguth 
nor Leva give any photographic records of their experiments, nor any 
detailed accounts of their technique. Certainly in Veraguth’s experi- 
ments the electrophysiological conditions did not remain constant 
during the test. It is possible that Leva, who used non-polarizable 
electrodes, was only dealing with a deflection due to a small electro- 
motive force, caused by a current of action due to secretion, the nature 
of which was determined by Hermann [17] in his experiments on the 
forearm. In this case Leva was only repeating experiments analogous 
with that of Hermann [18], who showed that atropine suppressed 
the ascending current due to secretory activity, which was normally 
produced by excitation of the sciatic nerve in the curarized cat. 

Further confirmation of Waller’s atropine experiments is afforded 
by his results with pilocarpine and the calcium chloride capsule 
experiments, devised by him [46] for the measurement of insensible 
perspiration. He has demonstrated [50] that an increased emotion, as 
shown by the galvanometer, is not necessarily accompanied by an 
increased secretion, and in. fact in the four experiments on the same 
subject which he quotes the contrary was the case, and an increased 
emotive deflection was accompanied by a decrease of secretion. Waller 
concludes: “ While it is no doubt true that the deflection is due to 
diminished resistance, and that perspiration causes diminished resist- 
ance, it does not follow logically that the deflection is due to perspiration, 
since there are many occasions on which the emotive fall of resistance 
occurs without augmentation of either sensible or insensible perspira- 
tion.” Waller’s evidence is so strong that we must conclude that the 
change in polarization, and consequently the psychogalvanic reflex, does 
not depend on the secretory activity of the skin. 

There remain therefore only the influence of nervous excitation, 
through either the cerebrospinal or autonomic nervous system, and 
changes in the biochemical processes in the skin dependent on them, to 
account for our reflex. Very little work has been done from these 


points of view. 
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V. J. Miiller [26], in researches on the Macacus cynomolgus, 
found that the reflex was suppressed by perineural injection of an 
anesthetic round the nerves supplying the palmar surfaces of the 
upper limbs, but that in man the reflex was not suppressed, but only 
diminished. Section of the nervous trunk gave an immediate sup- 
pression, and this suppression lasted while the electrodes were in 
contact with the palmar surfaces, but at the end of some time the 
dorsal regions, which did not previously give reactions, then gave them. 
This is not explainable, and has not been followed up by further work 
to verify this result. Sticker [41], working only on Tarchanoff's 
phenomenon, noted that the reaction occurred in both anesthetic and 
analgesic skin areas, organic and functional, but there is not sufficient 
information on this point in regard to Féré’s phenomenon. Any 
further consideration of the physiological nature of the reflex must at 
the present time be hypothetical. Waller’s view is that the emotive 
phenomena belong to nutritional or trophic changes in the course of 
metabolism, that “it is a sudden brief intensification of a slowly 
fluctuating state in nutrition,’ and imagines “the changes as brought 
about through what we are accustomed to designate as ‘ trophic’ nerve 
fibres.” He is now investigating the subject from this point of view. 

Meanwhile we must conclude (1) that the ultimate nature of the 
reflex is still an unsolved problem; (2) that muscular, vasomotor, 
respiratory and secretory changes may be concomitant with emotional 
reactions, but that none of them is exclusively responsible for the 
psychogalvanic refiex ; (3) that the probable cause is to be found in the 
biochemical changes in the skin, which are brought about by nervous 
excitation, but that there is no evidence to show what is the nature 
of these changes, or through what nervous channel this excitation 


takes place. 
CLINICAL AND PsYCHOLOGICAL STUDY OF THE REFLEX. 


The psychological problems involved in a study of the psychogalvanic 
reflex would seem to open up wide fields for inquiry, and yet on this 
side little systematic work has been done. Whatever may be the 
actual nature and causation of the phenomenon, it still remains for the 
psychologist te determine its significance, and also the conditions under 
which it varies, and to investigate the mental processes concerned in 
its excitation. The difficulty in interpreting the results of different 
observers is, firstly, that they are obtained under varying electrophysio- 
logical conditions, and are not directly comparable ; and, secondly, that 
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the usual variations obtained between different individuals are not much 
greater than those obtained in the same individual at different times 
under different conditions of health; and, thirdly, that no standard 
measurement under constant electrophysiological conditions has yet 
been determined by any observer for this amount of variation in the 
same individual. 

Waller [49] has worked out the periodic variations of conductance 
of the palm of the hand for one subject, and has found that they have 
a diurnal periodicity, the resistance being greater during the night than 
during the day. “ The question as to whether there is any constant 
relation between the strength of the psychogalvanic reflex and the 
apparent resistance of the skin as determined at the beginning of the 
experiment must remain open. Waller [49] thinks there is, but 
is not yet able to state it with complete numerical evidence. On the 
other hand, Ricksher and Jung [34] state that there is no relation 
between the two. If this question were settled in favour of Waller's 
assumption, then equally valuable evidence from a clinical point of view 
might be afforded by recording the apparent resistance of the skin, 
without any observation of the reflex itself. This would be a con- 
tinuation of the original work of R. Vigoroux [44!|, who pointed out in 
1879 that the resistance of the skin was considerably diminished in 
cases of exophthalmic goitre, and increased on the anesthetic side in 
patients suffering from hysterical hemianesthesia. 

The observations which have been made from the clinical standpoint 
are mainly on the value of the reflex in the diagnoses of hysterical 
conditions, particularly hysterical anesthesia, and also in the differenti- 
ation of the psychoses. Veraguth [43] has recorded cases of tabes, 
syringomyelia, &c,, to show that, after painful stimuli in anesthetic 
and analgesic skin areas of organic origin, there is no psychogalvanic 
reaction, when the stimuli are not appreciated subjectively by the 
patient as such. He has shown the importance of bandaging the 
patient’s eyes and of giving no verbal indication of the stimulus during 
such experiments. If the patient could see or hear the approach of the 
stimulus, a normal psychogalvanic reaction was then given after stimuli 
in the anesthetic and analgesic areas, due to the psychical effect of 
expectation. He also records one experiment with a cat, in which the 
reaction was abolished during ether narcosis, and in which, after 
dividing the spinal cord in the lumbar region, and allowing the cat to 
regain consciousness, a painful stimulus to the tail gave no reaction, 
whilst one to the front paw gave the usual reflex. He showed, on the 
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other hand, that stimuli in anesthetic skin areas of functional origin 
always gave the usual reaction, and this has been the experience of all 
observers. I have also made use of the reflex for the purpose of 
diagnosing a functional amnesia from an organic one, and in one case 
in which the patient had a complete loss of memory for all his war 
experiences, I was able, by means of his galvanic reactions, to trace out 
roughly the history of the patient’s movements during the war, and to 
determine the place where he was “ blown up.”’ In addition, I have used 
it as the only trustworthy test to decide whether a deafness is a true 
organic one or not; the amount of functional deafness in organic cases 
can be determined in this way. If the patient states that he does not 
hear the stimulus, but at the same time gives a reaction, then that 
amount of deafness is functional. It is impossible to state at present 
whether in these cases a negative reaction always indicates an organic 
deafness, but, by analogy with the cases of organic anesthesia, it seems 
probable that this is the case. 

Before studying the variation of the reflex in the psychoses, it is 
necessary to investigate the mental processes concerned in its excitation. 
So far it has been tacitly assumed that the reflex is simply an indication 
of an emotional reaction. Though it is easy to show that all emotional 
stimuli provoke galvanometric deflections, it is not so easy to say 
whether the deflections provoked by the psychical stimuli may not also 
be due to the effects of intellectual processes. Radecki [33] concludes 
that ‘‘the phenomena take place in the human organism exclusively as 
an expression of our emotions and affective states.” Binswanger [4j 
has also expressed a definite opinion on this question to the effect that 
‘“‘among mental activities only the affective processes, in Bleuler’s sense, 
have any influence. Intellectual work or simple sensory impression 
have no effect.’ On the other hand, it is the experience of most 
observers (Peterson and Jung) [28], Veraguth [43], Starch [40], 
Gregor and Gorn [14], that mental effort does produce a small reaction. 
Starch [40] concludes that “all the different types of mental processes 
produced by the various stimuli were accompanied without exception by 
galvanometric changes. Emotional processes and muscular activity 
produced the widest deflections, while habitual mental activity and 
the process of visual attention produced the least deflections. Quiet 
mental activity, even when involving considerable effort, produced small 
galvanometric changes. The degree of intensity of emotional experi- 
ences corresponds very closely with the amount of deflection.” It is 
impossible to say how much affect accompanies an intellectual process 
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such as an arithmetical calculation, due to the effort of attention. Very 
often a strong affect is produced by the surprise at the question, or by 
the embarrassment and possible annoyance that the solution of the 
problem may be incorrect, and this can only be decided by introspection 
on the part of the subject. Even if a pure intellectual process does 
produce a reaction, it is very small, and is in no way comparable with 
the deflections produced by an affective process, so that for all practical 
purposes it may be considered that among mental activities only the 
affective processes have any influence in exciting the reflex. This is also 
confirmed by the fact that after repetition of the stimulus, thereby 
reducing its emotive effect, the reflex becomes correspondingly 
diminished. 

The next question, which does not seem to have occupied the 
attention of any of the observers, is whether the deflections are not 
equally due to the attempt to suppress the emotion aroused, and to 
prevent it from operating. As Waller [49] puts it, ‘the more perfectly 
an examinee can control the visible signs of the emotion, the more 
violently is the galvanometer deflected through the palm of the hand 
by reason of his suppressed emotion.” Waller only makes this state- 
ment in support of the fact that the palmar electrical sign is not under 
voluntary control, but it would seem to have a greater significance than 
he attaches to it. Waller [51] is of the opinion that the phenomenon 
is not a psychogalvanic reflex, and prefers not to use the prefix 
“‘ psycho,” because in his view the phenomenon has nothing to do 
with the conscious mind. He states “it is not a cortical phenomenon, 
it is a subcortical phenomenon.” I have been led to think that there 
is a constant correlation between the visible signs of emotion as shown 
by muscular movement, which is under voluntary control, and the 
psychogalvanic reflex, which is not directly under voluntary control. 
The greater the visible signs of emotion, and the greater the muscular 
movement, the less is the response on the galvanometer. From this 
point of view a high psychogalvanic reflex would indicate not merely 
an emotive response in Waller’s sense, but in addition an increased 
sensitiveness on the part of the subject which may be partly due to 
experimental conditions and also an increased power of control. 
Whereas a low reflex would indicate that the subject was of diminished 
sensibility or had little control over his emotions, it might also mean 
that the subject was of low emotivity, as Waller says, but it would not 
necessarily be so. In my view then the phenomenon is as much 
cortical as subcortical, and is not a true indication of the emotivity 
ef the subject. 
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Not only has the psychogalvanic reflex been evoked by- emotional 
reactions concomitant with mental causes known to consciousness, but 
also it has been shown by Morton Prince and Peterson [32], Peterson 
and Jung [28], Binswanger [4] and others, that stimulation of ideas 
in a state of repression in the unconscious (“complexes”) will also 
produce a reaction. Morton Prince and Peterson carried out experi- 
ments on Sally Beauchamp in her different states of personality, and 
showed that a memory of an experience which could not be recalled 
to consciousness provoked the usual reactions; they also showed that 
the reaction was the same in hysterical anesthesia as in the normal, 
and that objects in the peripheral field of vision not consciously per- 
ceived were recognized sub-consciously (with Prince ‘‘ co-consciously ’’). 
Radecki [33], working with Abramowski, showed that reactions could 
still be obtained through the sub-conscious by giving stimuli whilst the 
attention of the subject was concentrated on some mental problem, 
when the subject was not able to recall the fact that such stimuli had 
been given. Peterson and Jung [28] and particularly Binswanger 
[4] have done elaborate experiments on “association” tests to show 
that the galvanic phenomenon, like reaction time and alteration of 
reproductions, may give evidence of the existence of an unconscious 
“complex.” These reactions have been so marked that they have 
given it as their opinion that reactions are evoked particularly by 
“complexes,” and they have used it extensively as a “ complex”’ 
indicator. Binswanger points out that an existing affect or lasting 
concentration of the attention on matters irrelevant to the experiment 
inhibits the psychical elaboration of the stimulus, and that, therefore, 
under these conditions the stimulus does not provoke much emotive 
reaction or give a psychogalvanic reflex. Prolongation of reaction time 
without a corresponding increase of the galvanic reaction may occur 
when there are purely intellectual difficulties, such as indistinct percep- 
tion of the stimulus word, but more frequently under the influence 
of perseveration. Increase of the psychogalvanic reflex without corres- 
ponding prolongation of the reaction time may occur for purely linguistic 
reasons, when a genuine emotional reaction takes place, but is masked 
if an easy reaction word is at hand, favouring a habit reaction or sound 
association. In the latter case the galvanic reaction is the only way 
of discovering the real significance of the stimulus word. This signifi- 
cance is often not known by the conscious mind and can then only 
be established with certainty by psycho-analysis. The psychogalvanic 
reaction is therefore a much more delicate and correct ‘ complex” 
indicator than the “reaction time” test. 
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The influence of hypnosis on the reflex has been recorded by 
Moravesik [23]. He quotes only one case, but this is a particularly 
interesting one, from the fact that the reflex was almost completely 
abolished as the result of suggestion. The reaction to a pinprick, after 
the suggestion that the hand was hypersensitive, corresponded to 
35 mm. on his scale, and after the suggestion that his hand had 
become anesthetic the reaction was only 5mm. After the suggestion 
that the subject was deaf and blind, auditory and visual stimuli provoked 
no reactions at all. This result is difficult to explain, and is not in 
accord with our usual experience of functional anesthesia and deafness 
in hysterical cases. Also it is not in accord with the experience of 
Morton Prince and Peterson [32], already quoted. I got different 
results in some experiments I did with Waller two years ago, which 
were not reported, but of which photographic records were taken. 
These subjects, three men and one girl, had been hypnotized by me 
previously to the experiments two or three times, and were able to go 
into the somnambulic state quite easily; one of the men had had three 
teeth extracted and an operation for whitlow, and the girl had had two 
teeth stopped, with the extraction of a live nerve from one of them, 
under hypnosis, without any visible signs of the perception of pain or 
conscious memory of the operation. Records were taken both in the 
normal and hypnotic states, and there were no appreciable modifica- 
tions in the galvanic reactions, either to painful or auditory stimuli. 
Moravesik does not record the normal reactions of his subject, and does 
not state whether the subject was previously acquainted with the 
experimental conditions of the reflex. It would, for instance, be easy 
for a subject who had become acquainted with the physiological pro- 
cesses causing a deflection, and who gave normally a small deflection, 
due to familiarity with the stimuli, to produce a big deflection by taking 
a deep inspiration. On the other hand, there are undoubtedly some 
persons who can influence the rate of their pulse, and possibly even the 
surface temperature of their body by suggestion. Moravesik [23] has 
recorded one such case in which the pulse-rate was altered from 84 to 
104 and the temperature from 37°3° C. to 38°C. Presumably such 
subjects would be able to influence indirectly the psychogalvanic reflex. 
That voluntary effort can in certain cases affect the reflex in the direction 
of diminution is claimed by Radecki [33], who thinks that this effect is 
due to the influence on respiration, and also to the fact that voluntary 
effort produces attention which interferes with the emotional reaction 
evoked. The most probable explanation would seem to be that the 
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attention necessitated by voluntary effort prevents the full psychical 
elaboration of the stimulus, and consequent production of emotion, 
and therefore the galvanic reaction is diminished. 

The effects of different stimuli vary in different individuals. In 
some there is a greater reaction to actual sensory stimuli, such as pin- 
pricks and burns, than to stimuli involving the ideational processes, such 
as the expectation of a burn or the recalling of unpleasant memories. 
These differences appear to have some diagnostic value. It is difficult 
at present to compare quantitatively the reactions of different individuals, 
as the electrophysiological conditions are rarely comparable, but general 
conclusions can be drawn from the work of different observers. In 
respect to data concerning the latent period the conditions are more 
comparable. They can be recorded with accuracy in the case of 
sensory stimuli, bat in the case of stimuli where associative elaboration 
takes place it is impossible to say exactly when the emotive effect begins. 
All observers are agreed that the latent period in healthy persons may 
vary from one to five seconds. Peterson and Jung [28) have recorded 
that the latent period is lengthened in cases of dementia precox, with 
katatonia. Abbott and Wells (1|, in an investigation on maniacal- 
depressive stupor, have reported that “the latent times to sensory 
stimuli observed under stupor are within normal limits,” and that the 
“perceptive processes in conditions of maniacal-depressive stupor are 
but slightly lengthened from the normal. The retardation may lie in 
a lessened complexity of the associations formed, or in the slower and 
feebler conversion of these associations into their motor expressions. 

An important question is as to whether there is any correspondence 
between intellectual development and the quality and quantity of the 
psychogalvanic reflex. There certainly appears to be some correlation 
between intellectual development and the reactions to the two different 
classes of stimuli. The greater the intellectual development the more 
pronounced are the reactions to ideational stimuli. The same condition 
exists in cases of anxiety neurosis; whereas in cases of conversion 
hysteria the reactions to ‘sensory stimuli appear to prevail over those 
due to ideational stimuli, but there is not sufficient data forthcoming 
to decide this with any certainty. M.D. Waller [52], asa result of her 
investigations on seventy-three medical students, concludes that intel- 
lectual efficiency as judged by examination results is associated with 
higher nervous sensitiveness in the psycho-galvanic reflex. It is cer- 
tainly my experience that the reactions in subjects of poor intellect, as 
evidenced by their low standard at school, are rarely so marked as in 





70 ORIGINAL ARTICLES AND CLINICAL CASES 


my intellectual subjects, and I have attributed this to the fact that the 
intellectual subject has usually a much greater control over his emotions 
and has a wider range in the association of ideas. Claparéde [5] has 
reported experiments on four idiots of the lowest grade, in whom no 
psycho-galvanic reflex of any kind was obtained even after painful 
stimuli, in spite of the fact that the stimuli were perceived and were 
responded to by marked muscular reactions. 

Gregor and Gorn (14) disagree with Claparéde, and quote one case 
in whom they obtained normal reactions to sensory stimuli. 

The chief work on the psychoses has been done by Peterson and 
Jung [28], Ricksher and Jung [34], and Gregor and Gorn [14]. 
Peterson and Jung have reported experiments on eleven cases of dementia 
precox. They observed nothing especially noteworthy in the hebephrenic 
type, but in the katatonic forms, especially the acute forms, they observed 
variations from the normal, both in the quality and quantity of the reflex, 
the chief observation being that there was almost no reaction at all in 
acute katatonic stupor. They consider that this result is due to the fact 
that “‘ the entire psychic activity is bound up with the morbid complex.”’ 
This explanation might be plausible if it were not for the fact that a 
similar result can be obtained in other forms of insanity, arteriopathic 
dementia for example, and according to Claparéde in idiots, so that 
this result would seem to be more in accord with,the auto-intoxication 
theory and deterioration of the cerebral cortex. Gregor and Gorn have 
reported similar results in dementia precox. They found that the 
reactions became less as the disease advanced, but that the reactions 
reappeared as the patients began to come out of the stupor, and became 
greater as the patients began to improve. On the other hand, in 
transitory psychogenic stupors the reactions were normal. 

The reactions were also small in cases of hebephrenia, and the 
reactions to pain stimuli were greater than those to other stimuli, 
whilst in hebephrenic maniacal excitement the reactions were practi- 
cally absent. A similar picture was obtained in cases of general paralysis. 
In manic-depressive cases the reaction was reduced at the height of the 
depressive phase, but in all cases of mania there was a very marked 
reaction. Gregor and Gorn concluded that ‘“‘ the observation of the 
psychogalvanic reflex has a definite clinical value: (1) in judging the 
effects of impressions in stuporose and inaccessible individuals; (2) 
in distinguishing benign psychasthenic ‘ regression’ from similar con- 
ditions in the course of progressive maladies ; (3) the objective characteri-_ 
zation of affective conditions as a criterion of affective sensibility ; (4) 
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the prognosis of melancholia and katatonia; (5) distinguishing maniacal 
states due to paralytic or hebephrenic excitement; (6) the diagnosis 
of malingering.” 

In conclusion, it can only be said that a very good case has been 
made out for further investigation into the psychological study of the 
psychogalvanic reflex. The observations so far recorded are small and 
the opinions of the observers are often conflicting. But it would seem 
that we have in the psychogalvanic reflex a valuable objective sign, 
which may be able to help us in the elucidation of the many unsolved 
problems in psychological medicine, and which we cannot afford to 
disregard. 
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DurineG the recent campaign in Egypt and Palestine undoubtedly 
the commonest organic nervous disease among the troops was multiple 
neuritis. It was also the only one that could definitely be said to be 
associated with the prevailing conditions of active service. Post- 
diphtheritic paralysis formed the bulk of the cases, and it is to these 
that my last remark applies. 

During the whole period of my service from 1915 to 1919, I saw no 
case of multiple neuritis unquestionably due either to dysentery or to 
malaria, nor did any instance of acute febrile polyneuritis as it has 
been described by Gordon Holmes or Rose Bradford come under my 
observation. Finally, there was no beri-beri in Egypt or Palestine, 
apart from imported cases from Mesopotamia and a few in 1915 from 
Gallipoli. 

I propose to confine my remarks this evening to a certain group of 
cases of multiple neuritis, and, since many of the symptoms of this 
malady are common to all its etiological varieties, it will save you much 
wearisome and familiar detail if I single out for remark such noteworthy 
features of my cases as may be more or less new to you, and that may 
throw some light upon the origin of post-diphtheritic paralysis. 

Of this, I saw over 160 cases. They fell into two groups: the first 
consisting of the ordinary type following faucial diphtheria; the 
second, and in some ways the more interesting group, associated with 
extra-faucial infections of superficial skin lesions and of wounds by the 


' At a meeting of the Section, held January 8, 1920. 
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diphtheria bacillus. The opportunity of seeing so large a series was 
unique, for over sixty came under observation. 

However, before referring to the characteristic clinical picture 
presented by these I should like to make some general observations on 
the order of appearance of the signs and symptoms of multiple neuritis. 
Having access to a large Isolation Hospital, I was able to observe con- 
tinuously a number of cases of diphtheria until their discharge to 
Convalescent and Command Depots. Many were examined almost 
daily from the date of admission, and others from the appearance of 
palatal paralysis in the second and third weeks of their illness. 
Multiple neuritis developed in several of these while under observation, 
and contrary to expectation, I found that diminution and abolition of 
the knee- and ankle-jerks were by no means the initial signs of the 
malady. Subjectively, aching pains in the legs on exertion, painful 
cramps in the calves during the night, numbness of the feet and, 
objectively, tenderness of the calf and plantar muscles on pressure, with 
a remarkable facility of the tendon-jerks, were the earliest phenomena. 
In six cases I was satisfied that the knee- and ankle-jerks underwent a 
definite preliminary exaltation before they began to grow sluggish. In 
many cases the ankle-jerks became feeble while the knee-jerks were 
still brisk, and they always disappeared earlier than the knee-jerk. 

The point is, perhaps, of minor clinical interest. Nevertheless, in 
the circumstances in which the observations were made there was a 
definite value attaching to them. For in dealing with convalescents 
from diphtheria, the eliciting of the knee-jerks was commonly regarded 
as giving a clean bill of health to the patient in this respect, and as 
being a sufficient reason for disregarding any subjective symptoms of 
which he might complain. But in my experience this test was by no 
means adequate to exclude an early polyneuritis, and thus many men 
were sent prematurely to duty only to be readmitted to hospital within 
a week or two with a fully developed polyneuritis. 

To return to the question of post-diphtheritic paralysis: during the 
winter 1916-17 and onwards there was an epidemic of diphtheria in 
the field and throughout the lines of communication, which extended 
from Palestine to the Delta. Although of mild character, on the whole 
it was fairly heavy in incidence, and, associated with it, I saw numerous 
cases of the ordinary type of post-diphtheritic paralysis. I am not able 
to give even an approximate estimate of the total case incidence in this 
outbreak, nor of the proportion of cases of diphtheria in which nervous 
complications ensued, but I think that the latter was high, and I 
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ascribe this to two causes: first, the small dosage of antitoxin, a 
single dose of from 4,000 to 6,000 units being the rule; and secondly, 
the premature return of the patients to conditions of physical activity. 
Often within a month of an apparently mild attack of diphtheria, a man 
resumed route marching at a Command Depot, only to fall out with 
pains and weakness of the legs on his first march. In such a patient, 
one could watch the development of a full-blown polyneuritis, which 
disabled him for at least six months. In many of these men the knee- 
jerks were still obtainable on readmission for a short period. Further, 
many mild cases were, I am sure, never recognized as such but passed 
under various diagnoses—for example, tabes dorsalis, neurasthenia, and 
“'D.A.H.,” and thus any estimate of the total number was impossible. 

Of the cases of post-diphtheritic paralysis following the ordinary 
faucial inceptions, there is little of particular interest to record, except 
possibly the large proportion in which the usual palatal and accom- 
modation pareses were followed by a fully developed polyneuritis, 
probably for the reasons I have already given. 

Early in 1917 cases of a mild type of multiple neuritis began to 
appear. They were not associated with any history of sore throat, nor 
with any other evidence of faucial diphtheria. The common etiological 
factors seemed absent also, and the only feature common to the cases 
was the recent occurrence of a crop of “septic sores,” except in one 
case, in which there had been a chronic suppuration in a flesh wound of 
the arm of some months’ duration. The significance of this history was 
not recognized at once. And although the possibility of a secondary 
diphtheritic infection of the skin lesions was thought of, it was dismissed 
because the multiple neuritis was neither preceded nor accompanied by 
palatal or accommodation paralysis. In fact, the first ten or twelve 
cases that I saw had no cranial nerve symptoms whatever. In every 
instance their general condition was good, though there was in all of 
them a mild degree of tachycardia ranging from 80 to 100 when at 
rest. 

However, some light was thrown on the question in the April of 
that year by a case which I have already recorded elsewhere, which 
made it appear highly probable that diphtheria lay at the bottom of all 
these obscure cases of multiple neuritis. The case was this: a medical 
officer attached to the same unit as myself performed a tracheotomy 
upon a fatal case of laryngeal diphtheria. He was not aware of having 
scratched himself at the time, but next morning he noticed a painful 
bleb upon the dorsum of the first phalanx of the right thumb. This 
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broke down leaving a sore raw surface. The ulcer rapidly spread over 
the surface of the thumb and ultimately reached the size of 1 in. by } in. 
It was covered by a greyish slough and exuded a scanty watery secretion. 
On the fourth day he began to feel ill and to shiver. There was a 
lymphangitis up the arm and the axillary glands were swollen and 
tender. On the sixth day the diphtheria bacillus was isolated in pure 
culture from the wound and he was admitted to hospital. During the 
second week of the illness, severe symptoms of toxemia appeared : 
vomiting, cardiac irregularity and albuminuria, and persisted for about 
ten days. Improvement then set in, the wound began to heal, and in 
the seventh week he was discharged to convalescence. ‘The knee-jerks 
were still brisk at this time. During the following two weeks he 
improved considerably, was able to walk uphill and to swim several 
hundred yards in the sea without undue fatigue, but from the seventh 
week onwards he had begun to notice that the thumb over and around 
the healed scar was very numb to touch and even to pressure. This 
impairment of sensation spread over the thumb and radial half of the 
hand, then invaded the rest of the hand andtheforearm. Simultaneously 
his hand became very clumsy in fine movements, there was a constant 
feeling of pins and needles in the fingers and his handwriting became 
very untidy and difficult to read. His grasp was weak. About a week 
after his return to duty, that is, in the tenth week, he began to find that 
walking upstairs was very exhausting and required effort ; his knees felt 
as though they might give way under him. Writing became quite 
impossible not only on account of the ataxy but because of painful 
cramps in the small hand and forearm muscles. There was no cranial 
nerve involvement. Twelve weeks after the original infection he 
was readmitted to hospital. On examination I found a well marked 
polyneuritis, with absent tendon-jerks, moderate weakness, tenderness 
of muscles and the characteristic sensory loss. But in addition to this, 
the condition of the right arm at once attracted attention. It was 
considerably weaker than its fellow. Its muscles were more flabby and 
the distal half of the limb was distinctly thinner. All fine movements 
of the hand and the movements of the proximal segments of the limb 
were ataxic. There was complete loss to touch over the hand and the 
distal third of the forearm and gross loss of other forms of cutaneous 
sensibility. 

Here, then, was a case undoubtedly diphtheritic in origin, in which 
with the absence of palatal and accommodation paralysis, there were 
an initial local onset of nervous symptoms related to the site of the 
infective focus, and a multiple neuritis. 
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A short time after, a second and similar case was observed, and this 
is the last case I shall quote: The patient had received a flesh wound 
in the left lumbar region at the battle before Gaza in April, 1917. 
Although freely laid open early in the course of treatment and 
subsequently treated with every new and old-fashioned antiseptic, it 
had resisted healing. During August he was allowed up more freely, 
but as soon as he began to walk about he complained of an increasing 
weakness, of “ pins and needles,” and of cramp in his legs. A provisional 
diagnosis of syphilitic ulceration and early tabes dorsalis was made and 
the man was transferred to my care. From a small unhealed patch 
at the centre of the keloid scar, the diphtheria bacillus was isolated in 
pure culture, while clinical examination revealed a fully developed 
multiple neuritis. In this case there was neither local nor cranial 
nerve affection. I say there was no local palsy, but there was a large 
area of sensory loss surrounding the wound, which could not. be 
accounted for by the local surgical condition. 

During the summer of 1917, several pathologists were reporting the 
presence of “ diphtheroid rods’ in septic sores occurring in areas where 
faucial diphtheria was present, and at the same time numerous cases of 
polyneuritis following crops of septic sores came under my observation. 
I may say that by septic sore I refer to a condition in which small 
areas of superficial ulceration appeared upon the dorsum of the hand, 
the extensor surface of the forearm and on exposed parts of the leg 
round the knee. This condition was extremely prevalent throughout 
the campaign, especially in mounted troops when on trek in the desert. 
They began to concern me because from the time that diphtheria 
became prevalent these skin lesions were undoubtedly associated 
with a considerable amount of multiple neuritis among the troops. 
Unfortunately, in the majority of cases the primary lesions were all 
healed by the time the cases came to me with nervous symptoms, but 
in addition to the two cases already described I ultimately saw nine 
cases in which the cautious pathologist was able to isolate ‘‘ a diphtheroid 
organism morphologically indistinguishable from the Klebs-Loeffler 
bacillus.” 

In all, I examined over sixty such cases of polyneuritis, and in 
addition to their close association as to time and place with an outbreak 
of diphtheria and of diphther?tic paralysis, and to the finding of the 
organism in several of them, certain clinical signs that they showed 
convinced me that they were true post-diphtheritic paralyses following 
cutaneous infections. Some new features were seen later in the series 
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that the first cases had not shown, and an analysis of the whole number, 
made when I had observed thirty and confirmed by a second thirty 
seen later, revealed that the complete symptom complex consisted of 
three elements :— 

(a) An initial local paresis related anatomically to the site of the 
infective focus. 

(0) A paralysis of accommodation, and 

(c) Polyneuritis. 

The local symptoms usually preceded by two or three weeks the 
visual and general symptoms. They occurred in about a third only of 
the total number. The accommodation paralysis was also present 
in but a third of the cases, while the polyneuritis was present in all. 
In the majority of instances multiple septic sores on the limbs preceded 
the onset of nervous symptoms, but in several the infective focus was 
single—a gun-shot wound or a boil—and it was in these that the local 
paralysis was most commonly seen. In the first thirty cases, eight had 
a single primary focus, and in six of these there was an initial local 
onset. In none of the number was palatal paralysis observed, and in 
none were diphtheria bacilli found in the throat. 

A brief consideration will show that these three elements are also 
found in post-diphtheritic paralysis as it follows the ordinary faucial 
infections, for the palatal paralysis is a true local palsy ; the musculature 
of the soft palate is clearly closely related both in the matter of proximity 
and in the more important respect of innervation to the local lesion on 
the tonsils and fauces. This formula of three elements in the clinical 
picture of a fully developed diphtheritic paralysis may, therefore, be 
applied to any case, no matter where the infective focus may be. The 
question at once arises as to the origin of the nervous complications of 
diphtheria, and the path by which the toxin reaches the nervous system, 
The view commonly held is that diphtheritic paralysis is the result of a 
blood-borne toxemia of the nervous system in which certain centres 
in the brain-stem are picked out by the selective action of the toxin. 
And, since experimentally inoculated animals do not show cranial nerve 
involvement as a part of their nervous symptom-complex, the further 
opinion has been expressed that in animals, on the other hand, the 
spinal nerve centres are specially attacked. 

It seems, then, reasonable to say that the cases I have briefly 
described do not accord with this view, and, indeed, cannot be 
explained by it. For if the nervous lesion in diphtheria be the result 
of a selective blood-borne toxemia, its clinical manifestations should 
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not vary according to the site of the infective focus, but should be 
constant and unvarying, except in intensity. It appears to me that 
the following view best accounts for the presence of the three clinical 
elements I have described ; it is of course an hypothesis that as yet 
lacks both experimental and pathological confirmation; “it is as 
follows: That the initial local palsy is the result of the passage of 
the toxin from the infective focus to the central nervous system, 
brain-stem or spinal cord, along the perineural lymph channels of the 
peripheral nerves innervating the site of the local lesion. This is the 
process so extensively investigated by Orr and Rows and named by 
them ‘“lymphogenous toxi-infection of the nervous system.” The 
suggestion is therefore merely an extended application of a known 
pathological process. This is not to say that the symptoms are caused 
by an ascending neuritis, for we know from Orr and Rows that the 
nerve, as far as its nervous elements are concerned, is commonly intact, 
and that the lesion is central and is situated in that segment of the 
central nervous system from which the nerve arises. We may thus 
explain equally well the initial palatal paralysis of a case of faucial 
diphtheria, or the initial sphincter disturbances of a case of diphtheritic 
infection of an ulcer in the perineum. ' 

Accommodation paralysis and polyneuritis are common to all types. 
For the former, therefore, we may still invoke the hypothesis of selective 
action, while the latter may be regarded as the expression of the general 
toxemia as it affects the nervous system, while in both instances the 
toxin probably reaches the nervous system by the blood-stream. 

It is of interest to determine whether the initial local symptoms 
indicate a peripheral or a central lesion of the nervous system, and it 
does not appear to me that the palatal symptoms of the ordinary type 
throw much light on this point. In the extra-faucial cases it is equally 
difficult to decide because the presence of a multiple neuritis masks any 
distinctive characters the initial palsy may possess. However, I was so 
fortunate as to see one case in which this was in a region usually 
unaffected in multiple neuritis. The case was one of ulceration in the 
perineum, arising as a septic sore (and later, presumably, secondarily 
infected by the diphtheria bacillus), which was followed by a local, an 
accommodation and a generalized nervous symptomatology. The local 
symptoms were sensory loss over the territory of the lower four sacral 
posterior roots on both sides and definite loss of control over the bladder, 
which, I think, can only be explained by supposing that the lesion was 
central and not merely an ascending neuritic process in the afferent 
nerves of the region. 
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I also saw a case—and one has been recorded by Oppenheim—of a 
streptococcal infection of the tonsils and fauces in which palatal 
paralysis and a multiple neuritis supervened. In both repeated search 
failed to demonstrate the presence of the diphtheria bacillus. Oppen- 
heim remarks of his case that this clinical picture cannot be regarded 
as absolute proof of a diphtheritic infection, and I would suggest that 
these cases tend to confirm the view of the origin of the initial local 
_ phenomena that I have put forward. Several recent case reports in 
German periodicals of extrafaucial diphtheria and a resulting nervous 
involvement also bear me out in this respect. 

In considering post-diphtheritic paralysis from the point of view I 
have put forward this evening, one cannot escape the analogy it presents 
to tetanus. Meyer and Ransom have divided the symptoms of this 
into three groups. 

(a) Local tetanus, in which, after prophylactic inoculations of tetanus 
antitoxin, the first symptoms appear in the immediate vicinity of the 
infective focus. 

(b) Specific tetanus, in which, irrespective of the site of the infected 
focus, there is spasm of certain muscles—namely, trismus; and 

(c) Generalized tetanus.—If the amount of toxin be considerable a 
generalized tetanus is superadded to the two preceding forms. 

After intravenous injections of tetanus toxin into animals, local 
tetanus is not seen; similarly, after intravenous injection of diphtheria 
toxin into experimental animals, the paralysis is generalized and presents 
no local phenomena. We may, therefore, compare the local, specific 
and generalized forms of tetanus with the palatal, ocular and generalized 
nervous symptoms of faucial diphtheria—the palatal palsy being the 
local element, the accommodation affection the specific element, while 
the polyneuritis corresponds to generalized tetanus. 

In conclusion, I must ask your indulgence for the somewhat 
broad manner in which I have dealt with my subject. There are 
many gaps, I know, on the theoretical side of my paper. I have 
merely tried to describe a somewhat unusual type of peripheral neuritis, 
and to indicate briefly the theoretical considerations to which its study 
gave rise, and its bearing on the pathogenesis of post-diphtheritic 
paralysis. 

I know also that this is by no means a comprehensive review of the 
various forms of peripheral nerve disease that one saw in Egypt. 
Hewever, the rest of these were merely fortuitous in their occurrence 


and were in no way peculiar to that field of operations. I have thought 
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it best, therefore, not to attempt completeness, but only to deal with 
what seemed characteristic of the campaign in which I served. 


DISCUSSION. 


Dr. PHILIP MANSON-BAHR: I feel I am here under false pretences ; what 
I am going to say as a sort of confirmation of Dr. Walshe’s paper is the result, 
not of my own work, but that of my friend and late colleague, Dr. Craig, of 
Kendal. It was during the advance through the Sinai desert, and especially 
on the line of the Wady Guzze before Gaza, that “desert sores,” or “ septic 
sores,” as they -were called, first began to claim serious attention. Now from 
what we know this desert sore is probably synonymous with the “ veldt sore” 
of South Africa and the “Barcoo rot” of Australia; at any rate it has 
something to do with desert conditions, and is quite distinct from the Oriental 
sore due to Leishmania tropica. Now it was noted by Craig that in the 
Egyptian Expeditionary Force the majority of units afflicted with these 
sores were mounted troops, or those associated with camels, and he concluded 
that as the clinical appearances of the lesions were so characteristic they must 
have a peculiar and specific cause. The sores affected those parts of the body 
exposed to injury—for instance, the hands, knees, and face. In mounted troops 
who rode in “shorts,” as they did at that period, the sores were apt to form 
over the points of friction at the knee. However, in many cases they super- 
vened de novo after no obvious sign of any injury. The onset of the sore is 
sudden and very painful, quite out of proportion to the size of the lesion; 
within a few hours a vesicle forms filled with serous, or it may be hemorrhagic, 
fluid, collecting generally round a hair follicle. The vesicle soon bursts and 
leaves behind a raw area generally covered with a pearly-grey membrane and 
moist with exuding serum. The edges of the skin soon become undermined 
and the ulcer spreads in a peripheral direction and soon becomes punched out, 
chronic, and most intractable. The surrounding skin is livid and blue. Apart 
from the pain and disability they caused, the amount of debility, cardiac 
irregularity, and often anemia, which existed in association with the sores, were 
sufficient to attract general attention and speculation as to the specific cause. 
Early in 1917 Dr. Charles Martin had reported the isolation of a ‘‘ diphtheroid ”’ 
bacillus from one of these sores, a fact which he did not then regard as 
significant, but rather he looked upon the lesions as being either streptococcal 
or staphylococcal in origin. This line Craig followed up, and in a short time 
was able to isolate diphtheroid bacilli, indistinguishable morphologically from 
the Klebs-Léffler bacillus, from 129 out of 197 of the sores he examined, that 
is, in 67°5 percent. Making due allowance for the fact that many of his patients 
had been extensively treated with all manner of antiseptics, he reckoned that 
the percentage of successful operations should have been much higher. Almost 
pure cultures of Klebs-Léffler bacilli were obtained by Craig and myself from the 
serum which exuded from the vesicles on Léffier’s glucose serum, but the longer 
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the ulcer had persisted, the more difficult it was to isolate the organism and the 
more numerous were staphylococci and streptococci. There was no doubt that 
they were typical Klebs-Léffler bacilli; they conformed to all the well-known 
tests, produced death in thirty-six hours when injected into guinea-pigs or 
quails, with hemorrhagic peritonitis and lesions of the suprarenals; on the 
other hand, these animals could be efficiently protected by a simultaneous 
injection of antidiphtheritic serum. At the same time as these sores were so 
prevalent a large number of cases of faucial diphtheria were occurring, and most 
of our energies, as pathologists, were directed to cultivating the Klebs-Léffler 
bacillus in throat swabs by the thousand. But I must confess that we were 
more fortunate in obtaining a higher percentage of positive isolations from desert 
sores than from throat cultures. When General Allenby came out, he took, 
amongst other things, more than an active interest in these desert sores, as they 
were causing a great amount of disability ; in some units as much as 40 per cent. 
of the men were unfit for hard labour and had their hands swathed in bandages. 
There was at this time, for all-sufficient reasons, a considerable amount of official 
reticence in acknowledging the importance of Craig’s discovery. It was thought 
that the absence of fresh elements, and especially of beer, from the dietary had 
a mysterious influence upon these sores, so General Allenby caused all the beer 
in Egypt to be sent up the line. This had the effect of raising the spirits of the 
men, but it did not heal their sores. At this time we began to collect together 
a considerable amount of evidence of the association of these sores with paresis 
or neuritis of various parts of the body, as Dr. Walshe has just described. 
For instance, I remember the case of a corporal of the H.A.C. who was covered 
with these sores, who had neuritis of both legs, with lack of knee-jerks, 
hyperesthesia of his calves, and great ataxia. He came down the line with 
a provisional diagnosis of tabes. Another I remember with paralysis of the 
palate following sores on the eyebrows and cheeks, and paresis and numbness 
of the arms, with multiple sores on the fingers and hands. Probably paralysis 
was much more common than was supposed, and in many cases it had been 
overlooked or attributed to presumably untreated faucial diphtheria. The 
effect of injection of 4,000 units of antidiphtheritic serum in the neighbourhood 
of these sores was almost magical ; raw patches and ulcers which had persisted 
for months, nay, even years, after treatment with every form of antiseptic 
lotion and paste, healed up perfectly with sound firm skin within a week or ten 
days. I myself am absolutely convinced that this was so, though no success 
was obtained in getting this mode of treatment recognized officially or universally 
adopted. Thescars which remained after healing are sufficiently characteristic, 
and the stigmata of ‘ desert sores” will be evident for years ; there is probably 
not a single man who served in the Australian Light Horse or Imperial Camel 
Corps who does not bear one or more. The hypothesis that these sores were 
a primary skin infection with the diphtheria bacillus led Craig to consider that 
they were in some way connected with desert transport, for they ceased to be 
a scourge directly we had moved forward into the more fertile and cultivated 
portions of Palestine. Suspicion fell on horse manure as a source of infection. 
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At that time the desert roads were laid upon a foundation of horse dung, which 
in this manner afforded a harder surface than sand for travel. Finally Craig 
succeeded in isolating a diphtheroid bacillus from this substance, but lack of 
opportunity prevented him from carrying his researches any further. From 
the experience I have had of this subject I should not be at all surprised to 
learn that a considerable number of cases of tropical polyneuritis, formerly 
diagnosed as beri-beri, are explicable on a similar basis. Finally, I would add 
that the inability of some pathologists to isolate the diphtheria bacillus from 
these ulcers in base hospitals in no way militates against Craig’s work. By 
the time they reached the base these sores had been contaminated and invaded 
by all sorts of organisms, such as streptococci, which therefore cannot be 
considered the actual etiological agent or the cause of the debility and neuritis 
associated with them. As an illustration I show a photograph of a Meso- 
potamian case recently under my care in which a sore suspected of being 
cutaneous leishmaniasis had persisted for two and a half years, and which 
instantly healed up after injection of antidiphtheritic serum: 


Dr. FEILING: During my three years’ experience in Mesopotamia I saw 
many cases of polyneuritis of various kinds in both British and Indian 
troops. On the whole it was not a very common disease there, at least 
amongst the British. I wish first to say a few words on the subject of 
*beri-beri. While having the greatest admiration for the work done by many 
observers in attacking the problem of its «etiology from the viewpoint of a 
dietetic deficiency, I feel obliged to demur to this being the only cause or in 
all cases any essential factor at all. Beri-beri after all is at present only a 
clinical term and different infections or toxins can produce in the field of 
_polyneuritis clinical pictures which are very difficult, if not impossible, to 
differentiate on clinical grounds alone. I would like to illustrate this by 
brief reference to two epidemics of polyneuritis with which I became 
acquainted in Mesopotamia. One affected a number of Chinese labourers. 
These men were all of a fairly superior class, skilled carpenters mostly, and 
were housed in two large huts. The cases were confined to men in one of 
these huts only. Their rations had been expressly designed to contain as 
many so-called “anti-beri-beri vitamines”’ as possible. They received good 
pay and were able to, and did, supplement their rations by extensive purchases 
in the local bazaars of such fresh food as fish, eggs, chickens and vegetables ; 
I myself often saw them returning from market loaded with such purchases. 
Clinically the cases were typical beri-beri; many of them of the so-called 
“wet” or cedematous type. Another example of an epidemic of polyneuritis, 
which illustrated the difficulties of diagnosis and its consequent evils, was that 
in which a large number of cases of a severe form of polyneuritis occurred in a 
detachment of British troops occupying an isolated post in the desert. These 
cases were diagnosed as beri-beri, and many of them ultimately found their 
way to Bombay. There fuller investigations were undertaken with the result 
that arsenic was found in large quantities in the hairs of many of these cases. 
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Inquiries were instituted and it was eventually discovered that a barrel of 
white arsenic had by some means been included amongst the barrels of 
bleaching powder used for water disinfection, and that these unfortunate men 
had been steadily disinfecting their water supply for some time with white 
arsenic. With regard to dysenteric neuritis, I have seen a number of such 
cases in which a dysenteric infection, generally of the bacillary type, was 
followed by polyneuritis. Less frequently it occurred amongst amoebic cases. 
It has been suggested, though on no very clear grounds, that the emetine 
given therapeutically was the cause of the neuritis in the ameebic cases. I 
saw one rather remarkable example of this condition. The patient was a 
young officer, who was admitted to hospital for fever and shortly afterwards 
operated on and a large liver abscess evacuated ; the Entameba histolytica was 
found in the pus from the abscess. During convalescence he developed a very 
severe polyneuritis which in its clinical features was quite indistinguishable 
from beri-beri. Typhus fever has been the cause of a certain small number of 
cases. In one of such the signs suggested that the infection had fallen on the 
ganglion cells of the cervical enlargement of the cord rather than on the more 
distal part of the motor neurone, for the principal feature of the case was 
extreme atrophy cf the muscles of the shoulder girdle, the whole picture 
closely resembling that produced by an acute anterior poliomyelitis of the upper 
extremities. The influenza epidemic of 1918 was responsible for many cases 
of polyneuritis, many of them of a very severe type. Some of these again 
bore a very close resemblance to the classical picture of beri-beri. I saw 
one case which showed the somewhat remarkable combination of extreme 
atrophy of the leg, with great edema affecting the subcutaneous tissues of the 
trunk only; this case also showed diaphragmatic paralysis and a severe cardiac 
affection ; in spite of the fact that malaria became a still further complication 
the patient eventually recovered completely. In conclusion, I would point 
out that in only too many of the cases the wxtiology has been a matter of 
grave doubt or even pure speculation. 
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